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MARKET ASSESSMENT W PHOTOVOLTAIC POWER SY8TEHS 


FOR AGRICULTURAL APPLIOVTIONS WORLDWIDE 


EXECUTIVE SWMARY 


Objectiv»» 

The Photovoltaic Stand-al >ne Applications Project Office at HASA Lewis Re> 
search Center in Cleveland » Ohio sponsored a series of studies evaluating the 
laarket for PV systems in several countries worldwide. These studies identified 
and characterized the agricultural sector market for PV in the Philippines. 

Mexico, Morocco, Nigeria and Coloaiaia. The purpose of this report is to inte- 
grate the results and draw conclusions from the country case studies, and to 
attempt to extrapolate the results to other countries worldwide. This enables 
identifying and characterizing the critical variables influencing the market 
for PV in the agricultural sector of a country. This information is used to make 
strategic recommendations to the us PV industry to assist them in effectively 
marketing their product overseas. 

Approach 

The approach enyjloyed in this integrated analysis is to use information alb~ 
tained caving the case studies, suf^lemented by data from the World Bank, Jnited 
Nations, Solar Energy Research Institute, Department of Energy, Department of C«n- 
merce and w^cher published sources to determine: 

* Important country characteristics that indicate %ihether a potential 
for PV sales for use in the agricultural sector exists 

* Important irarket factors that indicate whether an appropriate marketing 
environment for selling PV to the agricultural sector exists 

* The types of applications for which PV pmfer is technically, economi- 
cally and financially feasible 

* Country-specific PV market size estimates 

* Strategies that should aid the U.S. PV industry in effectively marketing 
systems in high potential countries 

Major Conclusions 


The following conclusions apply mainly to agricultural sector applications. 
However, the market-related conclusions encon^ss applications in all sectors. 

In general, countries with a high potential for stand-alone PV sales are char- 
acterized by having: adequate financing (capital-surplus countries and countries 
with high farmer income): high fuel prices (even some oil exporting countries 
have high fuel prices in rural areas); inadequate electrical service in rural areas; 
government commitment to alternative energy sources: poor engine maintenance 
facilities, and a large agricultural cash-economy. 
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This study sstimstss thst ths wotldwids sgricultursl ssetor asrkst potsntlsl 
rsngss from 14MN]^ to 55 MNp bstwssn 1961 and 1M6. If JPL cost goals cannot ba 
mmt in ths axpactad timaframs* and costs ars axcssdsd by ovar 20 percent, the 
potential agricultural sector market could only be attained in the 1981-86 timeframe. 
Table 1 shows the countries «d>ich account for over 90% of the regional market. 

Conclusions regarding technical and economic feasibility of stand-alone 
PV use in the agricultural sector aret 


* In the next 2-3 years only small power needs can be economically 
supplied by PV. They include battery charging, small field irri- 
gation and livestock watering from shallow depths, small grinding 
Biills and small produce coolers. 

e By about 1985-66, PV applications requiring 4-6KW of power will be 
economically feasible, ^e feasible applications universe expand 
to include irrigation and livestock watering from deeper 
wells, leurger grinding/milling operations, produce coolers and 
freezers, and aquacultural uses. 

* The relatively maintenance- free operation of PV will swing the bal- 
ance in favor of PV systems and away from diesel and gasoline gener- 
ators, even if PV power is more eig^nsive, in countries such as 
Nigeria which have poor equipment-servicing facilities. The other 
countries visited had adequate servioe facilities in the rural areas. 

* Except for livestock watering under open range conditions, the abil- 
ity of PV to operate unattended is not a significant advantage for 
use in agriculture. 

* In the next 4-5 years the ultimate purchaser of larger PV systems 
(through direct purchases or financing by development banks) in 
developing countries will be the government. Thus, PV must be shown 
to be both economically and financially feasible when coiiq>ared to its 
nearest competitor. 

* The private sector may be able to afford (through outright purchases 
or using commercial bank loans) small power sources since the capital 
investment is much smaller. 

* In countries where farmers are faced with high fuel prices, by 1982 

a PV system will be cheaper to operate, on an annual cash flow basis, 
than a gasoline powered generator of about iKw. 

* Although only small power needs can be economically served by PV in 
agricultural applications, the market is significant. 

* It is most likely that the demand for PV in agriculture will be over- 
shadowed by the larger market in applications such as rural services, 
telecommunications, signalling and TV. The market for PV powered TV 
is expected to be very large in many countries. 
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TaduiicAl and acononic faaaibility alona will not aaaura aignifieant PV 
syatwaa aalat. Vhmrm ara savaral aiaiicat->ralatad factora which* in iMny caaaa* 
ifill ba tiia driving foroaa influancing tha iMtgnitudo of PV product aalM. fha 
amjor factora idantifiad during tha fiald viaita and in aubaaquont invaatigationa 
arai 

* Lack of awaranaaa of PV tachnology and ita applicability ia a 
auijor barriar to narkat daval^a^nt. Coagpounding tha awara* 
naaa problaa ia tha attitude that PV ia a "anargy aourca of tha 
future. " Ihia problaa parvadaa all deeiaion>Baking atrata ranging 
from govamaant officiala, financiarc* daalara and diatributora* 
and uaara. Infoxaation diaaaaination through traditional and non> 
traditional advartiaing channala will ba ia^rtant in davaloping 
tha aarkat. 

* Other than the oil-arporting nationa, aoat faxaera and agribuainaaa 
have liaiitad accaaa to long-term financing. In addition* PV will 
Boat likely take a lower priority in the allocation of govamaant 
long-term capital fiiiancing particularly if other renewable energy 
aourcea are judged to be economically auperior. Ihia iaqpliea that 
PV ayatema may have to be financed by the cuatraaer* the PV dealer 
or PV manufacturer. 

* Energy aurplua nationa that aubsidize their energy coat to the 
consumer will not have prime private sector PV markecs. Feasible 
PV applications will most likely be IKW or less in else and 
located in rmn-ote areas away fr«n the grid. This increases 

marketing costs two ways. First, many more systems will have to 
be sold to justify a marketing position in this type of country. 

Second, potential buyers in remote locations are difficult to 
contact and inform, thereby increasing advertising and marketing 
costs. Sales to the public sector which would evaluate PV appli- 
cations based on opportunity costs of coi^ting fuels are equally 
feasible in both energy surplus and energy ii^rting countries. 

* Consumer buying behavior in the developinn nationa is character- 
ized by high discount rates and consequently very fast payoff 
times on investments. PV's high initial price will not be ap- 
pealing to small landholders unaccustomed to life-cycle coat 
decision making. 

* German, French and Japantise PV companies* through demonstration 
projects supported by their governments and by marketing are 
establishing a strong presence in many countries worldwide. 

Furthermore, some countries (e.g., Mexico, Brazil* India) «re 
developing indigenous PV industries. Lack of US presence at 
this nascent stage may preclude US coag>anies' staining a sig- 
nificant market share later. 

* The state of the conventional power equipment industry will have 
either a positive or negative effect on PV sales. In a country 
li^ere PV systems are competitive with gasoline or diesel gener- 
ators, a well developed conventional power equipment industry 
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will provide the infrastructure with which to Market PV. However, 
tdiere PV is not cost-effective, its other advantages cannot ade- 
quately overcosie the barriers of a strong conventional power equip- 
nent industry. 

* Potential PV custosiers can range from governswnt financed rural 

developnent projects, camaunications agencies, agribusinesses, cottage 
industries and medium sised landholders. Each siarket segisent 
has an associated buying behavior and value system that the 
marketing strategy must reflect. Marketing costs are increased 
since buyers require conqilete systesis as opposed to PV system 
cosqponents. 

Strategic Recommendations 

Frcm the field visits, it is clear that American PV manufacturers 
or dealers of PV systesis are developing a virgin market that requires 
innovative marketing tools and an aggressive market strategy. There are 
six components of a marketing strategy that are important in developing 
the international photovoltaic market: advertising and information dissemina* 

tion: financing and pricing: product distribution: product-market fit: 
product or service availability, and trade relationships. Each of these com- 
ponents is described in greater detail below. Together they represent a com- 
prehensive approach to marketing PV. The strategies outlined in this report 
should be considered generic suggestions to PV manufacturers and dealers 
based on field work. The actual market strategies enqployed %rould depend sig- 
nificantly on the market characteristics of the Individual nations concerned. 

Advertisinq/Informatior. Dissemination 


A significant barrier to marketing PV abroad is the lack of information 
and awareness on the technical and economic advantages of PV systems. Poten- 
tial users of PV systems, government agencies, current diesel and gasoline 
engine users, etc., do not have a sense of what PV is and how it can be used. 
Exacerbating the problem is the inadequacy of information-transfer mechanisms 
in developing countries. Thus, the dissemination of product information in 
developing countries becomes a complicated and expensive task. 

There have been a number of successful agricultural information dissemi- 
nation programs operating in the '^•v* loping, countries. Most notable among these 
programs ere those promoting thi "green revolution" methods of increasing agri- 
cultural yields. Although mounting a similar information dissemination program 
by an individual company is prohibitive in terms of cost and time, an effective 
alternative may be an industry financed trade association whose Objective is to 
pronote PV use overseas. This association, through briefing of important 
government officials, advertising, demonstration, etc., would increase the 
general level of knowledge of PV within the country and help promote US manu- 
factured PV systems. At the S2une time, the association could send back to sub- 
scribers both market information and opportunities. 

Fox the individual company, brand name identification will be an important 
component of any marketing strategy. This association of name and product could 
be acconplished through dissemiration of company literature, advertising and use 
of information media found within the country. To effectively reach the po- 
tential custcxner and, more importantly, create demand for the con^any's PV 
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product, danonstrations of PV systoM My ba tha aingla m'tat affactiva tool. 

With loM litaracy rataa in davalopin9 eountriaa, inforwition ia of tan dia» 
aanlnatad by «ford of mouth based on ona parson's axparianes) tha advantages 
of providing high profile demonstration units are considerable. First , demon* 
strations will show farmers the mergy and cost saving advantages of PV. 

Second, dastonstrations could dissaadnata infosMtion on whera and from whom 
to buy PV equipmant. An a final nota# any inforMtion dissamination program 
should account for diffv^rencas in valuas, economies and policy within a country. 

An information program based on an American or European audience My be less 
effective in a developing country. 

Financing and Pricing 

Customer financing of PV purchases My ba tha most iaq>ortant factor in a 
developing country PV Mrket. Low par capita incoM, the lack of available 
long*term capital in some countries, and the high cost of capital combine to 
severely restrict the ability of the customer to pay for a high first cost PV 
system. There are a few solutions to this problem: Some development banks will 

offer long-term loans at low interest rates but only to cost effective PV systwss. 
However, the total amount of money available My be smII. Focusing marketing 
efforts on corporations or government agencies that have the money to buy PV 
systsM will solve the financial problem, but the Mrket My be limited. 

Another approach in overcoming financing difficulties is loasing the PV 
equipment to the customer. Although leasing arrangements are generally not use^ 
in developing countries, there are some advantages of leasing that make it an 
attractive financial alternative. First, leasing a PV system will spread PV 
system costs over cariod of years. Second, leasing programs can be operated 
by a '' ’>cal dist ^..wor who would purchase panils frem a US Mnufacturer and in 
turn rent the panels to farmers in the area. Thus the farmer does not have to 
make a 20 year commitment, the US PV manufacturer sells the PV panels outright, 
and the dealer realires a substantial profit. Furthermore, it could be financed 
by short-term working capital loans. Not only are farmers more familiar with 
obtaining working capit/’.! loans, the amount of funds available is also much 
greater than long-term loan funds. 

Pricing PV units is a complex task since PV is fundamentally different 
technically and economically from other energy alt'.<rnativcs such as gasoline and 
diesel generators. Additionally, siany consumers in developing countries do not 
evaluate purchases on a life-cycle basis but instead opt for first costs or pay- 
back period in making investment decisions. Conqpetition with other PV firms, 
as well as conventional energy prices, also figures into any pricing decision. 

enviously, the final decision on pricing will be based on conditions pre- 
vailing within a country at a particular time. It should be noted that one 
important component of price — dealer margins — could have a significant effect 
on a firm's competitiveness. Considering the high capital cost rf PV, and 
because most dealers may carry PV systems as a secondary portion of their bus- 
iness, percentage dealer margins should be minimised. 

Product Distribution 


Dealers and distributor^ are an essential and costly coeyponent of any suc- 
cesful overseas marketing effort. In the case of PV, the market to date is 
too small to support an extensive distribution system within any developing 
country. For an individual congiany it is clearly out of the question. This 
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do«B not imply* honfever* that a PV aanufacturar should not try to davalop 
an alamentary distribution natwork within a country. 

Thara ara a nunbar of ways in which a diatributiM natwork could ba attab- 
liahadt 1) piggyback onto axitting punv>a* alactrical ^narators* ^lasal and 
gaaolina angina diatributors} 2) aatibliah a naw axclutiva dealership within 
a country with a local entrepreneur; and 3) develop an exclusive distribution 
ayatam within a country by the PV manufacturer. 

Of these three options, a piggyback option may ba the most advents; ;:o^s. 

The advantage of using existing systems are twofold. First, the costs of 
marketing the PV product would ba greatly redvered by having the distribution 
infrastructure already in place. Second, the existing distribution network has 
a working krxjwladge ot the marketplace. As a disadvantage, PV systems will ba 
sold as a source of secondary incoite and may not ba given priority by the sales 
people. 

Cations Two and Three have the major disadvantages in that they will be 
expensive to develop and initially less effective in reaching a large pro> 
portion of the marketplace population. However, the advantages are that the 
PV product will receive full attention of the sales people, and a dedicated 
distribution system to PV will begin. Option Two has an additional advantage 
over Option Three iv) that a local entrepreneur would bring to the venture 
knowledge about the marketplace. It should be mentioned that many countries do 
not allow foreign firms to participate in retail sales; however, most nations 
do allow foreign companies to participate in wholesale trade. 

Product»Market Fit 

In offering PV systeias to the agricultural coioeunity, the PV manufacturer 
should initially offer small units that are economically and financially viable 
as compared to o'her alternative energy sources. Later as costs drop, the 
koanufacturer should expand product linos to include larger power outputs. Of- 
fering an entire rarge of PV systems from the small to the large may be expen- 
sive both in terns of development and inventory. As a rule, PV will compete 
only in those markets in which it has a comparative advantage over other energy 
sources. It is critically Inportent \:hat ctmplete systems as opposed to conponents 
be offered for sale. For exanple, a PV-powered pump should be produced for sale 
rather than e PV power supply for use with an electric pump. 

There is also a tendency among new coispanies marketing new products to fit 
the customer behavior to the product. In developing countries there is less 
likelihood that traditional agricultural practices could be altered to fit the 
unique characteristics of PV systems. In marketing PV, the systems offered for 
sale should correspond to farming practice currently in use. As an example, 
consider the problems of selling a PV powerad produce cooler to farmers un- 
accustomed to refrigerating vegetables : not only does the PV unit have to be 

sold t-> the farmer but also the produce cooler. This task would be made aiiig>l«r 
if farmers are currently using these systems. 

Product and Service Availabilit y 

Closely tied to the development of a distribution infrastructure are the 
problems of offering the customer quick and quality service for all products 
sold plus maintaining adequate supplies to meet PV dMiand. As a marketing 
tool, service availability is exceptionally effective. As an anecdote. 
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•ft«r Norld Hfti* XX an Aatrican aanufaeturar of dictal onginas offfrad to sarvica 
atiy large diesel sold anywhere in the Philippines. The goodwill (and surprise 
on seeing an American engineer so far froM hcsne) to this day has helped this 
oospany naintain its market there and become a household name in the Philippines. 
To generate similar goodwill, the taerican PV companies should try to offer a 
eosplete range of quick maintenance and repair services to all potential cus> 
tomers. Although costly, such service will generate a positive image of the 
PV indtistry as a whole and of a company in particular. The sasw can be said 
of having a ready supply of PV systems so customers do not have to wait for 
PV systese to be inported (often a process that takes sionths) . 

Trade Relationships 

Finally, the PV manufacturer should be flexible in considering the bene- 
fits offered by a developing country in tenus of tariffs, license, taxes, 
trade allowemces, etc. In many cases, a manufacturer will forego some incen- 
tives offered by developing countries in order to maintain an equity position, 
protect a patent, etc. In a virgin PV market and with possible heavy Japanese 
and European coopetition , the early loss of swrket share to cospetitors by not 
taking aggressive advantage of financial, tax and other incentives offered by 
a developing country may prevent significant market developsmnt later as 
conpetitors establish themselves in the marketplace. 
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MAWOBT ASSESSMENTS OF PHOTOVOLTAIC l»OWER SYSTEMS 


FOR AGRICULTURAL AP9LICATIWS WORLDWIDE 


1.0 INTRODOCTIOW 

1.1 Background 

The United States National Photovoltaic (PV) Program was established by 
the U.S. Department of Energy (U.S. DOE) to advance PV po%rer syst«ns to the 
stage where they can contribute significantly to the U.S. energy requirements 
by the end of this decade. Ongoing research and development are directed at 
achiev'ng major system cost reductions and field experience with PV power systems. 
The project is managed by the U.S. DOE and consists of several project offices , 
one of which is the Photovoltaic Stand-Alone Applications Project Office at 
NASA Lr.vi.3 Research Center, Cleveland, Ohio. This project office has conducted 
interne onal ir.ar)cet assessments to ascertain whether stand-alone PV power 
systems can provide useful and economically productive power for various appli- 
cations in developing countries during the next several years. This report is 
the last in the series of reports evaluating the potential for PV systems in 
agricultural applications. The other reports discussed the market for PV in 
the agricultural sectors of the Philippines, Mexico, Morocco, Nigeria and 
Colombia . 

1.2 Objectives 

This report integrates the results and draws conclusions from the country 
case studies and attempts to extrapolate the results to other countries world- 
wide. The principal purposes are: 

(1) to identify and characterize the market for PV in the agricultural 
sector of a country, and 

(2) to make strategic recommendations to the U.S. PV industry to help 
them effectively market their product overseas. 

The purpose of the case studies was to identify applications with high PV 
sales potential in each case study country so that photovoltaic suppliers and 
distributors could develop appropriate marketing strategies. The market analysis 
provides the following essential information for each country. 

e Level of interest, awareness and experience with PV power systems. 

e Estimate of potential market size for PV power applications in the 
agriculture sector. 
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• Operating and cost characteristics of gasoline and diesel power 
systems that will compete with PV. 

e Energy, agriculture and development goals, programs and policies 
which will influence PV sales. 

e Appropriate financing mechanisms and capital available for PV system 
purchases . 

e Investment climate for U.S. companies and appropriate methods for 
conducting business in the country. 

The type of potential photovoltaic applications considered in this study 
are those requiring less than 15KW of power and operate in a stand-alone 
configuration without back-up power* These applications include: irrigation, 

rural water supply, post-harvest operations, food and fiber processing and 
storage, and livestock operations. An assessment of the market in the 1981- 
1966 is of most interest since after that, grid connected PV will hecama ccmt- 
petitive and markets much greater than the market for stand-alone systcmis will 
emerge. 

After the visit to the Philippines it also became apparent that non-agri- 
cultural applications may represent a significant PV market potential. Seme 
of these are rural services, remote microwave and TV repeater stations and rural 
signalling applications. An attempt was made to gather information on such 
applications during the visits. 

1.3 Approach 

The apr roach used in this integrated analysis is to carefully evaluate the 
results obtained from the case studies to determine: 

• Important country characteristics that indicate whether a potential 
for PV sales for use in the agricultural sector exists. These 
include: size and type of agricultural activity; dependence on 
imported petroleum, extent of rural electrification; level of solar 
insolation; financial capability of the farmer and the public sector; 
and extent of U.S. trade. 

• Itnporcant market factors that indicate whether an appropriate marketing 
environment for selling PV to the agricultural sector exists. These 
include; availability of financing; energy prices in rural areas; 
energy and agriculture policy? attitudes, perception and PV information 
availability? business environmment ? institutional factors and com- 
petition. 

• IJLu ^ypjLS sd applications for which PV power is technically, economically 
and financially feasible. 

The case study approach yielded detailed market data suitable for developing 
marketing strategies for the five countries visited. In examining other nations, 
case-study results are extrapolated to obtain PV market estimates in agricultural 
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applications, it should be amphasiced that tha lattar B«rkat astinatas ra- 
prasant only ordars-of*aagnituda and should ba traatad as such. Nhila thay 
ara adaquata for indicating which countrias ara sost favorable » a nore in-dapth 
■arkat study snist ba conducted before attaapting to penetrate that siarkat. 

Additional d«ta sources used include! tha world Bank* United Nations* Solar 
Energy Research Institute* Departnent of Energy and Dapartsient of Coanarce. 

Finally* based on tha conclusions drawn fron the analysis* strategic racoonendations 
ara made. These should be useul to the U.S. FV industry in developing appro- 
priate Biarketing strategies. 

1.4 Report Organisation 

Chapter 2 looks at the technical characteristics of selected PV agricultural 
applications* and examines the cost-competitiveness of PV in each. In Chapter 
3* the analysis is extended to include market-related factors %A)ich can influence 
PV sales. Chapter 4 combines the learning from the previous chapters to present 
order-of-magnitude estimates of the market for remote stand-alone PV systems in 
agricultural applications worldwide. Finally, in Chapter 5, general conclusions 
are drawn for marketing PV %*orldwide. Included among these conclusions are 
strategic reconmendations that U.S. conpanies will find useful in selecting 
countries in which to market PV systems and in actually setting up operations 
for selling their products. 
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2.0 COMPAHATIVE ANALYSIS OF POTEHTIAL PV APPL1CATI0W3 THE CASE STODY COWTMES 


Th« purpos* of this chsptsr is to e«fuluct s eesipsrstivs analysis of appli> 
cations that %«srs found to be technically and sconoadcally fsasibls in ths 
case study countries. This information is that, used to draw general conclusions 
applicable to other countries worldwide. The results would be useful to PV firms 
in selecting their products mix based on applications found to be technically 
and economically feasible. 

The primary hypothesis behind the selection of potential stand-alone PV 
af^lications was that the fastest smrket penetration %iould take place in applications 
that do not have access to the electricity grid, where (1) caoDmrcial energy 
(diesel, gasoline) is currently in use; or (2) the government developnent plans 
ejq>ect a significant increase in the use of cosnercial energy for the ai^lications 
in the near future. This is based on the rationale that farmers currently using 
mechanized power would be in a better position than a subsistence farmer to 
evaluate the relative benefits of PV systems and have access to greater financial 
resources. Furthermore, the social, cultural, and skill characteristics of 
fanners that had led them previously to become innovators and acceptors of new 
technologies will be applicable to photovoltaic systems. 

During visits to the countries, a numbdr of agricultural applications 
that could use PV power systems were identified. This identification was based 
on three major criteria: 

e Potential Market Size 

- level of production, its inportance in the country 

- extent of the use of an operation for production 

- extent of the current level of mechanization of the operation 

- remoteness from the grid in the 1981-86 timeframe. 

e Technical Feasibility 

- load cluuracteristics 

- energy demand profile 

- operating environment 

e Economic Feasibility 

- PV system cost reduction expectations 

- cost of using diesel or gasoline alternatives for the same 
application 

Based on the above criteria, a wide variety of agricultural applications 
were examined in each country. The power requirements ranged from 20W to about 
12KH and operated in a stand-alone mode. They currently use batteries, diesel, 
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or onginss/goiMrators. 

A£t«r tiM pilot visit to th* Philippines it bsc|«s apparent that Market 
potential for PV would be substantially greater in other remote ai^lications 
such as telecoenunicationSf potable water svpply, radio and TV receivers, 
signalling and cathodic protection. Although these applications are not strictly 
speaking agricultural, during visits to the other countries, the above appli- 
cations were also evaluated because they contribute to overall rural developnent. 
However, the focus of the study remained the agricultural sect. r. 

The following sections describe the technical characteristics of selected 
applications; the cost conpetitiveness of PV systems in each application; other 
applications «d)ich represent a potentially large market for PV; and finally 
generalized conclusions extendable to other countries are made. 

2.1 Technical Characteristics of Agricultural Applications 

Table 2.1 compares the technical characteristics of several agricultvural 
applications evaluated during the visits. The selection was based on the 
technical and market size criteria mentioned previously. Economic feasibility 
of the applications will be evaluated in the next section. Emphasis was 
placed on applications that require a ye«.r-round. reasonably steady source of 
energy. The following generic applications where PV power could be appropriate 
were evaluated: 

e rechargeable batteries (lead-acid) are a conmon feature in remote 
areas of most countries. Cost of battery charging could be as 
high as $4/battery (Nigeria) or $3-4/battery (Morocco). Furthermore, 
transport of batteries i.ito electrified towns or villages for recharging 
is inconvenient, eptails significant costs, and the chance 
of battery damage is high. Equipment power requirements could range 
from 20-400W each. 

e Outposts such as forestry stations, sukintenance yards 

on large estates, or veternary centers require power for lights, water 
supply, transceivers, and refrigerators. The need for small amounts 
of power year-round makes it a feasible PV application. Typical power 
requirements are about 1-2KW. 

e Grinding, milling or shelling operations are conducted in small villages 
or towns. Power requirements range from 2-12KW. The smaller machines 
are generally gasoline powered and the large are driven diesel engines. 
Usually, there is a need for power year-round with peaks occuring after 
harvest. 

a Power requirements for livestock watering are determined by herd size, 
environmental conditions and punning depth. Often diesel and gasoline 
pumpsets operate at around 50 percent of rated capacity due to the 
need for high starting power. PV powered electric pumps are well 
suited for livestock watering for the following reasons: 
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COMPMUSOW OP CmUUtCTCTlSTICS OF SgtECTED AGBICULTWAL APPLICATIOMS 
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COMPWIISON OF CHJWACTERISTICS OF SELECTED AGRICULTURAL APPLICATIONS 

(Continued) . 
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- both water roquiranonta and punp output Incraaaa with ineraaainq 
insolation; 

- no battarias ara naadad; 

- an ovaraiaad aotor ia not naadad sinca alactric aotors hava battar 
starting torgua char*r>taristics; 

- doas not hava tha maintanance and rafualing problan associatad with 
gasolina or diasel punpsats locatad at ranita watarpoints. 

a PV power for irrigation has tha sane advantage as for livestock watering. 
However, there ara disadvantages that make it lass desirable for irri- 
gation than for livestock watering. 

- nuch higher water raguiraments, necessitating larger PV arrays; 

- with a single crop per year irrigation svgqplaments rainfall and 
power is required only 3-4 v^nths ot the year; 

- even with nultl-cropping, powered irrigation is not needed year- 
round. 

- when water sig^ply is from a central reservoir, water nanagosent 
practices could result in timing and length of water release to 
not coincide with the peak operating period of the PV pmp. 

Thus, gasoline and diesel pun^sets offer operating flexibility 
that PV puitg)E do not have. However, a cost analysis, even under 
these disadvantageous conditions, may show PV powered irrigation 
to be cost-competitive with other alternatives. This issue is 
discussed in the next section. 

e Grain movement using augers or elevators are used in many countries. 
However, opportunities for PV powered grain lifting equipment were 
evident only in Mexico. 

• Hatcheries for the production of fish and shrimp have to be located 
near a suitable water supply. In the case of the Philippines most 
hatcheries do not have convenient access to the grid. However, in 
Mexico, almost all hatcheries have access to the grid. A reliable 
power source is essential. 

• Small diesel or electric ice plants producing 0.5-1. 5 MT/day of ice 
are being considered for use in fishing villages. Since the plants 
operate 24 hours/day, an equivalent PV powered unit %fould require a 
very large array and large number of batteries. Pewer system relia- 
bility is iagxjrtant but not as critical as in hatcheries. 

• It is unlikely that grain-dryers would receive electricity from a 
fully dedicated PV array since it ifould only be needed after harvest. 

The most likely configuration irould be grain dryers used in con- 
junction with a PV ptm^. 

• Small refrigerators are likely to have greater use for rural house- 
holds than for agricultural uses. Power is required year-round. 

• PV powered produce coolers, particularly if crops are in limited 
production due to lack of storage or if losses are large, could 
have a significant demand. Power requirements for 12-50 cubic meter 
walk-in coolers range from 0.75-l.lKW. In many temperate and all 
tropical countries, power would be required year round. 
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2.2 Economic Jto>aly»l» of W>otovolt«lc Ji»llc>tlon« in AqriCTiltur> 


Technical feasibility alone will not enstire widespread use of PV systestt in 
agriculture. They must also be less costly to operate than its oosqpetition. 

A variety of measures are used to eompare the costs of two systems providing 
the same service. They include comparisons between i first costs* years to 
positive cash flow, annual cost* payback period and net present value life 
cycle costs. The first a:id second methods are often the methods employed 
by farmers and other entrepreneurs in a financially less sophisticated en- 
vironment. In evaluating the competitiveness of PV systems vis-a-vl.fi alternative 
power sources* net present value life cycle cost methodology is an appropri- 
ate method to be used. This method takes into account the stream of costs 
emanating from each investment and calculates the total cost of each in- 
vestment through the life of the systmn. If financing for PV systems is from 
public sources* econcmic as well as a financial analysis may be needed. This 
is especially true if the governments receive funds from donors such as 
the World Bank, Asian Development Bank or the Inter-American Development Bank. 

These banks require loans to be evaluated in terms of their economic benefits 
to the nation (as opposed to evaluation based on the financial rewards to an 
individual). Briefly an economic analysis attempts to value the contributions 
Blade by a project to the country's basic socioeconomic objectives. In practice, 
an economic analysis Involves the use of prices for goods and services that 
are free from marketplace distortions and reflect the real* economic value of 
a good. For exanple* the price of gasoline in the Philippines is $1.18 at the 
refinery outlet, but cost to the consumer is $2.42. The former price %iDuld be 
used in an economic analysis. A financial analysis, on the other hand* would 
use the cost to a consumer ($2. 42 /gallon) . To a businessman, a financial 
analysis iiiould be more ai^ropriate. However, to a development planner an 
economic analysis would be more important. 

Since PV systems are highly capital intensive and since aiost long-term 
loans emanate from development banks, PV systems require using * 

an economic life cycle cost analysis. Financial life-cycle costing must 
also be conducted since, even if an Investment is beneficial from a national 
perspective* very few individuals vrould invest in it unless it was personally 
profitable. 
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2.2.1 Coit ParawtTS Oi«d in th» C»— Study Countri»i 

Evaluating the conpetitivenesa of PV systema waa baaed on ita coat in 
coaipariaon to that of gaaoline or dieael generatora. The reaaon for the 
conpariaon waa that if a funner or a govemaient agency ia conaidering inveating 
in PV, they aniat be ahown that it ia cheaper than familiar altemativea auch 
aa gaaoline and dieael generatora. Accepted life cycle coating principlea were 
uaed to coapare the coata of PV ayatuna to ita conpetitora in thia atudy. 

For coat coepariaona of PV ayatoma to altematiVvea the data 
include power and energy requirementa , coata and characteriatica of gaaoline and dieael 
generatora, coat of fuel, PV ayatem coata, operation and maintenance coata, 
etc. The data were uaed to calculate the net preaent value life cycle coata 
of PV and the conventional alternative ayatema. Coat paranetera uaed in the 
analyaia ia ahown in Table 2.2. PV ayatuns coata were baaed on JPL coat pro* 
jection (Table 2.3). Life cycle coat coaputationa were conducted for varioua 
yeara of installation to determine the year in which PV ayatem coata become 
leaa than or equal to ita conpetitora coats. 

Since coat-competitiveneas ia critically important to market penetration, 
firat ye_r of cost-conpetitiveness information waa uaed to calculate size 
of the PV market in each application for each country. 

2.2.2 Coat Compariaona 

Table 2.4 ahowa the peak power requirements and first year of eost'Competi- 
tiveness for the applications shown in Table 2.1. in general, only applications 
requiring less than about 6KWp, are c«ipetitive with conventional po%fer sources 
prior to 1986. There it ho%irever, significant differences between countries. 

This variability between countries is due to many reasons including: 

• energy usage profile, and typical power needs 

• fuel prices 

• 06M costs for conventional power systems 

For example, a reaaon for unfavorable conditions in Morocco is the large power 
requirements for agricultural uses. In Nigeria, due to poor engine maintenance 
facilities and high fuel prices in rural areas, PV systems become cost-conpetitive 
much sooner than in other countries. In the case of the Philippines, a financial 
analysis makes a PV system coat>coepetltive about 3-5 yeara earlier than an 
econoeiic analysis. Thus, the private sector in the Philippines may be more 
inclined to invest in PV systems sooner than the government if financing was 
available. In the case of Mexico, the reverse ia true. 
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Parameters Used in the Econowic Cost Coa^risons 
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1«bl« 2*3 

►RIGWAL PAGE 13 rtwtfwoltalc tvstwi Cot Aagiaaption* (19 80 dolXars) 
F POOR QUALITY 



1980 

1982 

1984 

1986 

PV tyatM without battarias * 

17.17 

8.05 

5.96 

3.87 

C$A^) 





Sattary Coats ($/aap-hr) 

1 

1 

1 

1 


* Sourest JPL, "I960 Photovoltaic SyttSM OavalopMnt Progrv SuaMry 
DocuMnt”, Pasadana» California 


2-9 




chuqinau page is 

OF POOR QUALITY 



2-10 


b/ Mmmmd on wnmlymim of stnilarly po w rod oquipmnt 
c/ flood in ccntnoctiofi oith iriri^otiofi only. 


other fectors such reliability, need for remote unettended operation# 
etc. were tahen in account in the market penetration analyaea fmr each country. 
Theae factors in acne inatancea made PV more auitable than ita alternative 
even though PV coata were higher. 

Small power applications that ^re currently cost-effective are often within 
the purchasing ability of farmera. However# most farmers do not base decisions 
on a 20-year life cycle analysis. They are more inclined to base their decisions 
on an annual cash flow basis. Thus if a PV system is less eicpensive to operate 
than a conventional generator they would be interested in investing in PV. Table 
2.5 shows a cash flow analysis example for Mexico# Philippines and Morocco. It 
shows the cost to an individual operating a IXN gasoline generator to provide 
power 4 hours/day year-round. In Mexico, the gasoline generator costs are half 
that of the PV system. The major reason being the low cost of fuel. In the 
Philippines ai21 Morocco, witli fuel costs accounting for over 60% of total costs, 
the PV syston is cheaper to operate. In the latter two countries not only is 
PV cheaper on a life-cycle cost basis, it requires a lowor annual outlay of 
cash. 

Note that the cxang>le assumed a steady energy demand of 4KHh/day, 365 
days /year. If energy It. 'eguired only intermittently throughout the year, then 
PV electricity may be more eiq>ensive than power from a gasoline generr*.or. The 
conditions in Morocco and the Philippines are similar to those found in most 
low- and middle- income countries. Thus, this cash flow analysis result would 
be valid in many other countries worldwide. 

In order to generalize the economic cost-c«ig>etitiveness analysis conducted 
for each country, a sensitivxty analysier was conducted to determine the relation- 
ship between the first year of cost-co«g>etitiveness , power requirements and 
insolation. The results are shown in Figure 2.1. The figure shows that prior 
to 1986 only PV systems less than 4KH in size are cheaper than gasoline and diesel 
generators on an economic life-cycle cost basis. This is true in most covntries 
around the world, particularly those within 30 degrees south and 30 degrees north 
latitudes. As Table 2.6 shows this enw ngusses almost all developing countries 
in the world. The results were insensitive to a change in operating hours from 
4 to 6 hours/day. The type of applications within a 4KW PV system size bound 
Include: battery charging, transceivers, livestock watering, irrigation of 
small fields, small grinding/milling installations, produce coolers up to about 
SOm^ in capacity. 
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Tabic 2.5 


Financial Analyals Exawola (IJCW Ganatator) 
1982 Avaraqa Annual Coat ($Aaar)S 



Gasoline 

Generator 

Percent Fuel 
Cost 


Mexico 

1100 

23 

2200 

Philippine 

2250 

62 

2200 

Morocco 

2600 

67 

2200 


#Includes loan and principal rapaynent, cost of fuel> and operation and 
maintenance costs. 


Assumptions ; 

o 23.2% interest rate*, 10% inflation. 13% fuel cost escalation*. $2/hour 
labor cost, 5 year life of gasoline engine, $9.74/Wp array cost in 1982 
(1982 array cost in 1982 dollars), 20 year array life, $l/anp hr. 
storage, 3 days storage, 5 year battery life; 4K«fh/day demand, 0.3 
gallon/hour gasoline consun^tion, gasoline cost-$0. 46/gallon in Mexico, 
$2. 50/gallon in the Philippines and $3. 10/gallon in Morocco, generator 
costs $525. 

*N0TE: Intel est rate of 23.2% is equivalent to real interest rate of 12% t;hen 

inflation of 10% is incorporated into it and 13% fuel escalation is 
equivalent to a real escalation rate of 3%. Ihe above analysis does 
not incorporate taxes, depreciation, investment tax credits, etc., a 
later analysis (Chapter 5) gives a comparison of FV and gasoline sys- 
tems taking into account the above mentioned factors. 
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Figure 2. 1 

Relationship Between First Year of Cost- 
Competitiveness, Insolation end Power Reauirewents 


Assumptions Used in Economic Analysis ; 

12t discount rate, 3% fuel escalation rate, 20 year array life, 5 year battery 
life, $l/air.p-hour battery costs, 5 days storage, power required everyday for 4-6 
hours/day, $2/day labor cost, JPL PV array cost projections, $1. 15/gallon fuel 
costs in 1980, engine costs varying from $400 for 0.4 XW generator to $5000 
for 6XW generator, life of engines vary 3000-5000 hours, gas/diesel O&M costs 
$0.25-0. 40/hour of operation, fuel consun^tion 0.13-0.64 gallons/hour, all 
costs measured in real terns after discounting out inflation, all steasurements 
in 1980 dollars. 
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Table 2.6 


Countries and Regions with Significant Land Araa 
Outside 30°N and 30°S Latitude 


Afghanistan 

Japan 

Argentina 

Korea 

Canada 

New Zealand 

Chile 

Peoples Republic of China 

China 

Syria 

Eaxope 

Tunisia 

Iran 

Turkey 

Iraq 

United States 

Israel 

Uruguay 
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The above analysis was based on continuous need for energy throughout 
the year. If* however, energy is not required for an extended period of time 
(greater than the battery storage capacity) the electricity generated by the 
array has to be dissipated. Thus the cost per kilowatt-hour increases. A sen- 
sitivity analysis showed that if the array is unused for two months, the year 
of cost-competitiveness would be delayed by about one year. A three month period 
of no use would delay year of cost-conpetitiveness by two years. It should 
be borne in sdnd that Figure 2.1 was based on JPL PV array cost projections. 

Since attaining these goals are somewhat uncertain, a sensitivity analysis was 
conducted to determine the effect of increased array costs on cost-competitiveness 
of PV. A 10 percent cost increase did not delay year of cost-coopetitiveness. 
However, a 20 percent cost increase delayed year of cost-competitiveness by one 
to tvo years. This in effect reduces the size of the PV market that can be 
penetrated in the 1981-86. However, the t.^tal meurket size could be attained 
in a longer timeframe, such as 1981-88. 

In conclusion, the case study and the generalized analysis showed that PV 
systems were more economical them conventional power sources for a variety 
of applications requiring less than 4-6 KW of power. In addition, in 1982, on 
an annual cash flow basis, PV systems were cheaper to operate than a IXW gaso- 
line generator in several of the case study co\jntries. 

2.3 Other Applications 

After the pilot visit to the Philippines, it was decided that teams visiting 
the other countries would observe and investigate opportunities for PV in non- 
agricultural applications. However, the non-agricultural applications d.,ta 
collection and analysis effort would not be as in-depth as the agricultural 
sector applications. Table 2.7 shows the non-agricult\iral PV applications 
identified in Mexico, Morocco, Nigeria and Colombia. The types of applications 
in general have the following characteristics: low-power needs (mainly less 
than IKW, but up to about 5KW) , yesur-round energy demand, remote locations (7-10 
lOn from gird and poor access roads) and require high reliability. 

2.4 Conclusions 

The technical and economic evaluation of PV use in the agricultural sectors 
of the five countries found that: 

• In the next 2-3 yeeurs only small power needs can be economically 
served by PV. They include bsttery charging, small fielc. irri- 
gation auid livestock watering from very low shallow depths, small 
grinding »u.lls and small produce coolers. 
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wuq^Ticn 

iipcico 

Ibiral potabl* supply 

Pursl rsdio^tslsphonss 
Taps-rucordsrs for schools 

TV 

Tolseewunicstion, si 9 iuillin 9 

and MSSursBisnt 

Cathodic protaetlon 
mCEhlA 

POMtr supplits for public buildings 

Hilitary cosaunication stations 
TV 

Tslsvision relay stations 
bapaatar Stations 
Cathodic protection 

Marina, airport and rail signals 

MC^OCCO 

TV 

TV rapaatar station 
Microaava relay stations 




Table 3,7 
OT«S STFLICATIOII S 


OOiaflEWTS 


4-i3 m pi«ps being considered. 05% in electrified 
areas. For S KN wywtm TV will be oea^titiee with 
diesel power by lot). 

Pilot PV project on*going. 

A project to intsvduce 4.51^ battery diargers to 200 
s^ioola has been initiated. 

There should be a laroe deaand for PV-TV. Current battery 
recharging costs are as high as $3»4/batterv. 

Power for all types of eguipRent in rwote locations is 
needed. 

PV is being oenaidared for use on the rapidly expanding 
oil pipeline network. 


PV My be feasible for replacing unreliable diesels 
as a power source for local govemaent center and police 
stations. 

A need far hi^ly reliable, fully integrated systems 
exist. 

Current p o we r sources are batteries which are recharged 
weekly at a cost of about $4. PV-TV could be the 
largest sarket in Nigeria. 

Power reguirsswnts are about IXH. 

Power reguireawnts range from 120-600W 

the II billion dollar oil refinery and pipeline development 
plan coupled with the highly corrosive nature of the 
Nigerian coastal environMnt should create a substantial 
demand for PV powered cathodic protection devices. 

Ill billion transport sector devel^mmnt plans should 
generate a significant deMnd for PV powered signalling 
devices. 


A market for small black and white TV's powered by a PV 
array of about 20i^ exists. Total market My be about 
175 in next five years. 

Television directorate is interested in installing 40-50 
PV powered stations over the negt five veers. Total Mrket could 
be about 4(Maip. 

State Ministry of Ports » Telephone and Telegraph has 
requested a price estiMte for a PV installation capable 
of delivering dOOW for 24 hours a day. A total of 20 
relay stations are to be installed over the next five 
years. Market sise will be about 36XWp. 
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WUCATIOW 

Mcmocco (con'td) 

Few«x for mall railroad 
stations f signals, ate. 

Narins Signalling 
Airports 

* 

Aural radio tals^Mnas 
COLOMBIA 

Rural Haalth Posts 

Rural Telephones 

Vaccine refrigerators 
Donestic p ow e r supply 

PHILIPPINES 


OF POOR QUALfTY. 


Tal>le 2.7 

OTHER APPUCATIONS CContinusd) 


OQMMEWTS 


A near-tar« PV market for signal and warning lights at 
rsRote railmy level crossings (250 H for 5 hour/day) 
and a longer-tem market for railroad station power 
supply exists. 

Lighthouses# radio beacons# jetty lights# and light 
bu^s should present opportunities for PV 

Resets airports require power for radio beacons# tele- 
phones# light# radio etc. could provide a market 
for PV. 

Already one PV powered \anit is in operation U H 
power# e hours/day). Forty units are 
currently located in areas with no grid power. 


About 600 health posts current depend on 1*2KW gasoline 
generators. They arc used 3-4 hmirs/day for lights# radio# 
refrigerator# sterilizer# etc. PV siarkct size is about 
50-90 KWp between 1981-66. 

A tender for 2200 PV powered telephones will be issued in 
1982 by the Telecosmuni cation Authority. There is a small 
market for private coonunic^tion systems. Market size is 
about 160-170 KWp between * 981-66. 

Small refrigerators are required for isolated regions. 
Currently not even kerosene refrigerators are used due to 
fuel delivery problems. 

Power for domestic uses in large farms# ranches and for 
families needed. A PV smrket about 700-1100 KWp is 
expected between 1981-86. 


The Philippines study concentrated on agricultural 
activitias. However# based on the Philippines 5 year 
devalppment plan aignificant opportunitias for PV sales 
will exist for use in: rural radio and TV# village 
potable water supply# microwave and relay stations, 
military communication# etc. 
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• By about 1985-86t PV applications requiring 4-6KW of power will 
be economically feasible. The feasible applications expand to 
include irrigation and livestock watering from deeper wells, 
larger grinding/milling operations, produce coolers and freezers, 
and aquacultural uses. 

e A 20 percent increase in array costs would delay year of cost- 
coo^titiveness by about one to two years. 

e The relatively maintenance free operation of PV will swing the 
balance in favor of PV systems and away from diesel and gasoline 
generators, even if PV power is more expensive, in countries such 
as Nigeria which have poor equipment servicing facilities. The other 
countries visited had adequate service facilities in the rural eureas. 

e Except for livestock watering under open range conditions, the ability 
of PV systems to operate unattended is not a significant advantage for 
PV use in agriculture. 

e In che next 4-5 years the ultimate purchaser of larger PV systems 
(through direct pxirchases or financing by development banks) in 
developing countries will be the government. Thus, PV must be 
shown to be both economically and financially feasible when cosqpared 
to its nearest competitor. 

e The private sector may be able to afford (through outright purchases 
or using commercial bank loans) battery chargers or small power sources 
since the capital investment is much smaller. 

e In countries where farmers are faced with high fuel prices, by 1982 a 
PV system will be cheaper to operate on an annual cash flow basis, 
than a gasoline powered generator of about IKH. 

e Although only small power needs can be economically served by PV in 
agricultural applications, the market is significant. 

e It is most likely that the demand for PV in agriculture will be over- 
shadowed by the l 2 u:ger market in applications such as, rural services, 
teleconmunications, signalling and TV. The market for PV powered TV 
is expected to be very large in many countries. 

• A delay of one to two years in attaining cost-competitiveness could 
significantly affect the size of the PV market in the 1961-86 timeframe. 
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3.0 IMPORTANT MARKET FACTORS 


This section delineates the major market-related factors which influence 
the magnitude of PV sales in foreign markets. Its primary purpose is to serve 
as a general guide to the PV manufacturer, relating the factors which he must 
evaluate prior to deciding whether to enter a foreign market. 

Based on our five on-site country investigations, we have identified the 
following major market factors: 

• attitudes and information availability 

• availability of financing 

• energy pricing 

• energy/agricultural policy 

• business and trade environment 

• distribution network 

• con^titive environment 

• trading status with U.S. 

These factors, though set out as separate influences, are not mutually 
exclusive. For exan^le, the level of awareness of PV technology will not 
only help determine whether a farmer will purchase PV-powered equipment, 
but will also affect his ability to secure financing for such a purchase. 

In the discussion below, examples are extracted from the detailed data 
gathered in the case-study cotantries to explain each of these factors. For 
the rest of the countries, we have had to rely upon aggregate data drawn from 
such sources as The World Bank, The Solar Energy Research Institute, the U.S. 
Department of Commerce and the U.S. Department of Energy. While these aggregate 
data serve as a useful benchmark, any manufacturer conten^lating entry into 
one of the latter countries is strongly advised to gather comprehensive market 
data through an in-country investigation. 
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3.1 Attitudes and Information Avilablllty 

Adequate knowledge of PV systMis and a favorable disposition towards then 
are essential to market penetration. Such awareness is not only important for 
users, but also for government officials and financial Institutions. 

The level of \iser awareness of PV will directly influence demand for the 
systems in the private sector. In all of the case-study countries, potential users had 
very little knowledge of PV. Moreover, when they were initially introduced to 
the technology by project members, many were skeptical about PV's appropriateness 
to their needs. These findings suggest that U.S. PV stanufacturers will need to 
establish information dissemination programs in order to effectively penetrate 
the private sector in many developing coxintries. 

The degree to which governmental officials arc familiar with and receptive 
to PV will influence the enphasis the technology is given in a country's develop- 
ment plans. Our case-study investigations revealed a range of levels of aware- 
ness. In the Philippines, it was generally not difficult to find individuals in 
agricultural or energy agencies who had some knowledge of PV systons. For example, 
officials in the Ministry of Agriculture, the National Grains Authority, and the 
National Irrigation Administration had been considering possible applications and 
had therefore taken the tin« to educate themselves about PV systems. Similarly, 
in Colombia, understanding of PV technology and possible applications was wide- 
spread among government officials involved in energy planning. On the other 
hand, in Nigeria, knowledge of PV systems and of new energy systems in general, was 
lacking. The most knowledgeable individuals interviewed were associated with 
universities. 

The perceptions of financial institution officials will influence their 
willingness to provide loans for PV projects. For example, portfolio directors 
and loan analysts of the National Agricultural Credit Bauik of Morocco, which 
provides about 70% of all financing for agricultural equipment, termed PV an 
"energy of the future" and stated that new technologies were not within their 
purview. In the Philippines, interviews with senior private and government 
financial institution representatives revealed a general sense of enthusiasm 
towards considering PV systems for loans: unfortunately, the inpact of this 
enthusiasm will be dampened by the skepticism of project staff directly 
responsible for recommending loans. One bright spot for PV financing encountered 
in all the visited countries, however, was the general view that if PV systems 
.an be shown to be cost-effective, financing will be forthcoming. 
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3.2 Availability of Financing 


Tha availability of financing « translating into a potential purchaser's 
ability to pay, is quite obviously a basic condition which must be satisfied 
in order for PVs to effectively penetrate a foreign market. In particular, 
due to the high initial capital cost of PV systems, long-term loans of generally 
more than 10 years in duration must be available. 

Analysis of the suitability of a country's financial environment for PV 
sales centers on addressing two fundamental questions: 

• Does the country as a whole have sufficient resources to foster 
development of PV7 

• If these resources do exist, are they readily available to potential 
PV purchasers in agriculture, and at the requisite long time horison? 

The lack of financial resources will hinder the penetration of PV systems 

into many "poor” countries. For example, in Upper Volta, one of the poorest 

countries in the world, a majority of its population engage in traditional 

subsistence farming, earning an estimated annual per capita income of only $177 

in 1980.^ Similarly, Chad's GNP per capita was estimated at $110 in 1979.^ 

There are poor nations which have pledged to utilise solar technology) Bangladesh 

3 

(GNP per capita of $90 in 1979 ) has announced a nationwide solar energy program 
whose first phase proposes to provide 12.6 million rural families with solar 

A 

cookers. However, such sales will be concentrated in the public sector, and 
for the Bost part, "poor" nations will not be a prime market for private- sector 
PV purchases. 

In more prosperous nations, PV sales may still be restricted by the un- 
availability of long-term capital in the cgricultural sector. This can be due 
to a variety of circumstances. In many countries, commercial banks are the 
primary source of financing for private investment, and these prefer to grant 
short-term loans. For example, in the Philippines, ctxnnercial banks accounted 
for 72% of all outstanding capital as of June, 1978, and 69% of the loans made 

^U.S. Department of Connverce, International Trade Administration. Foreign Economic 
Trends and Their Implications for the United States ; Upper Volta , GPO, August, 1981. 

^The World Bank, World Development Report 1981 , Oxford University Press, 1981. 

^Ibid. 

4 

Solar Energy Research Institute! Solar Markets Conditions and Potentials 
Bangladesh . GPO# January# 1981. 
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by th«M and savings banks vara for short-tam, working capital loans. ^ 

Financial institutiona* attitude toward PV, and tha breadth of their 
awaranaas and understanding of tha technology* can liadt long-tans loans even 
idian such f/inancing is available. Somt reluctance to grant loans for PV systems 
4MS exhibited by private and government financial inatitution representatives 
that %«ere interviewed in all of the case-study countries. Many officials expressed 
concern that such systems might not be coepetitive with other alternative techno- 
logies. Factors often found to be unfavorable for PV Included t 
e Uie initial capital cost of PV systems 

e a belief that gasoline or diesel generators are generally more 
economical than PVs 

e a belief that other energy sources* such as biogas and low-head 
hydro* should be financed before PVs 

e a reluctance to finance projects using unfamiliar technologies 

A general lack of information on PVs is a ma^or cause of this skepticism on 

the part of bank officials. Accordingly* the availability of financing for 

PV applications can be markedly inproved by increased dissemination of in- 

fexmation about PV applications to financial institutions and the successful 

Introduction and operation of the first systesw. 

Developing countries' internal capability to finance PV projects is 

often bolstered by external sources of aid such as The world Bank and the U.S. 

Agency for International Development. However* the amount of government funding 

that filters do%fn to PV applications will depend upon the development priorities 

established by individual countries. For example, Jamaica, 99% dependent on 

imported oil for its commercial energy needs, has an explicit National Energy 

2 

Plan for 1978-83 and is actively pursuing a variety of energy projects. 

Botswana, on the other hand, does not direct energy development through any 
formal development plan.^ 

Even within the countries that attach great importance to energy develop- 
Btent, the type of power sources being emphasized will influence the availability 
of PV financing. For example, Argentina encourages solar energy projects, 
but the government's major emphasis is on the development of large hydroelectric 

4 

and nuclear power plans. Egypt's Ministry of Electric Power is conducting 
^his 69% estimate is as of March, 1976. 

^Solar Energy Pesearch Institute, Solar Market Conditions and Potentials: 

GPO, March, 1981 " ~ 

3solar Energy Research Institute, Solar Market Conditions and Potentials! Botswana , 
GPO, Jamuary, 1981. 

solar Energy Research Institute, Solar Market Conditions and Potentials; Argentina , 
GPO, March, 1981. 
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raMsrch on th« us« of solar ansrgy for a wida variaty of af^licatims, including 
alactriclty ganaratlon, talavislon racalving poirar and rafrigaratimi.^ Tha 
suitability of PV for thssa applications indicatss that E^ypt could allocata 
a substantial shars of its snar<jy dovslops«nt funding to PV. Plsass nots that 
a fuller discussion of the inportanca of a nation's energy policy to PV pene- 
tration is contained in Section 3.3. 

In sua> financing for PV systesis in nany developing countries %rill not be 
be readily available. Nevertheless « a nusdser of countries (e.g., Nigeria, In- 
donesia, Gabon, Saudi Arabia, Nestem Europe) coaanand the financial resources 
to foster PV developeient, and nany others receive large amounts of external 
aid. Confidence in the econonic viability of PV systMis needs to be created, 
with a najor step in this process being vigorous information dissemination. Our 
case studies suggest that if this can be accooplished, nany devaluing countries 
%K>uld be willing to finance PV projects that are econonically and financially 
viable. 

3.3 Erergy Pricing 

Conventional-energy pricing directly affects the cost competitiveness of PV 
systms in potential foreign markets. The cost of fuel varies across countries 
depending upon sources of supply and distance from suppliers. The price a 
consumer pays within a nation further depends upon the country's energy policies. 
For exanple, in the Philippines, the price of gasoline at the National Philippine 
Oil Corporation refinery outlet was $1.16 per gallon in October 1980 including 
wholesale markup. However, taxes and duties raise this price to $2.42 per gallon. 
Thus, the Philippine Government's taxation of conventional energy supplies makes 
PV systems more attractive to the private sector. 

On the other hand, some nations subsidise consumer fuel purchasers, thereby 
lessening the ccxnpetitiveness of PV versus gasoline and diesel engines for consumer 


^Solar Energy Research Institute, Solar MarVet Conditions and Potential: Egypt , 
GPO, February, 1981. 
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applications. Mexico, a country salf-sufficiant in energy, ^aapa intomal fuel 
prices below world pr;^ccs as a means of encouraging industrial growth and of 
controlling inflation. As of January. 1981. gasoline sold for $0.46 per gallon 
and diesel for $0.16 per gallon. Gasoline and diesel fuel prices for a selected 
group of countries are contained in Table 3*1« 

An additional factor that influences energy pricing is the level of avails* 
bility of fuel within a country. Assurance of suj^ly can be particularly difficult 
in remote, rural areas, and this serves to drive tqp the actual fuel price paid 
by consumers and enhance PV systems' competitiveness. For exsii(>le. despite 
Nigeria's petroleum abundance, stqpplles are poorly distributed and fuel prices 
are often 2 to 3 times higher than the official price outside the urban areas. 

In measxiring the cost competitiveness of PV from the public sector point* 
of*view. energy costs, sans taxes, subsidies and availability surcharges should 
be considered. For oil iiigwrting countries, these costs are represented by the 
real prices of gasoline and diesel fuel. For oil exporting countriei, the oppcx- 
tunity price of fuel. i.e. , the price that could be obtained by selling the petrolefsn 
in the world market, will determine the cost competitiveness of PV. For exasple, 
in measuring PV's economic viability in Saudi Arabia, the appropriate price of 
gasoline to be considered is not the $0.23 per gallon figure referenced in Table 
3.1# but the much higher price that a gallon of gasoline can fetch in the world 
market. 

3.4 Energy /Agricultural Policy 

The role PV is alloted in a nation's energy and agricultural development plans 
can significantly affect the nature and size of the market that the country repre- 
sents for PV. 2n parti''*ilar. the priority attached to PV will determine the 
amount of capital made available by the governrent to finance PV projects, as 
well as the number of financial and other incentives offered to promote its 
development. Additionally, the extent of direct government involvament specified 
in development plans will influence whether sales in a country will primarily 
be concentrated in the public cr private sector. 

A coxintry's disposition toward PV will be influenced by its level of in- 
formation availability and its cost of energy. These factors are discussed in 
greater length in Sections 3.1 and 3.3, respectively. Our case study investigations 
illustrate how energy and agricultural policies toward PV can differ across 
countries. In Mexico, agricultural and energy development plans favor PV appli- 
cations. For exarff>le, agricultura'' development plans call for support for small 
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Table 3.1 


Conauwr Fuel Pricea-^anuarv . 1961 (U$$ /Gallon) 


Gaaoline (Ragalar) Diaaal 


Auatralla 

1.57 

Brasil 

2.52 

Etliiopia 

1.38 

Ghana 

3.12 

Gi'eece 

2.58 

India 

2.49 

Indonesia 

.91 

Italy 

3.28 

Japan 

2.74 

Morocco^^ 

3.10 

Nigeria^'^ 

1.15 

Pa)(istan 

1.91 

Peru 

.69 

Philippines 

2.35 

Portugal 

3.25 

Republic of Korea 

3.92 

Saudi Arabia 

.23 

Spain 

2.76 

Sri Lan)ca 

1.98 

Thailand 

2.13 

Tunisia 

2.07 


1.61 

.97 

.97 

1.97 

1.38 

(July I960) 1.11 (July 1980) 

.27 

1.3S 

1.93 

1.65 

.90 

1.17 

.37 

1.39 
1.59 
1.24 

1.78 

(premium) 1 . 26 

1.38 
.79 


U.S. Department of Energy, international Sources » Energy Annual , GPO, 
September, 1981. 

Case study data. 
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farmers (especially cooperatives in rain-fed regions ) , including stiniatum 
guarantees. Moreover* Mexico's comnitment to incorporating PV technology is 
illustrated by the country's drive to establish a local PV industry. 

In other countries* while PV is not specifically mentioned in devel<^pnent 
plans* energy and agricultural policy would still appear to encourage PV pene- 
tration. For exanple* in Nigeria, the Fourth Development Plan documents the 
comnitment to increase agricultural production, reduce product loss* and increase 
amenities and other support for the small-holder* the "backbone of agricultural 
production." Significant financial resources are comnitted to these objectives* 
although reduced oil production and conccxnitant reduction in revenues stay sig- 
nificantly alter these goals. On paper* there is no great concern for renewable 
energy or non-convent ional sources* and the country plans to proceed with rural 
electrification. However, in actuality the existing grid is highly unreliable. 

This would suggest that PV may fit very well with the development plans of 
Nigeria. 

Similarly* in the Philippines, development plans establish priority programs 
in agriculture* both with regard to specific crops and geographic areas. In 
terms of energy policy* there is a commitment by the Ministry of Energy to reduce 
dependency on foreign oil* with a large role for renew6d}le and non-conventional 
sources spelled out in detail. Although PV is canitted* the role of PV may 
be enhanced by the high unreliability of the present grid in rural areas and 
the generalized cmmitment toward replacing conventional energy supplies. 

Other nations, while striving toward energy self-sufficiency* appear to 
not have a place for PV in their development plans. Kenya, for example* is 
primarily attempting to reach its goal of energy self-sufficiency through development 
of hydropower generating facilities and extension of accon^anying transmission 
facilities to outlying areas. ^ Similarly, Venezuela's Ministry of Energy and Mines 
plans to spend 95% of the $11.5 billion it has budgeted for developing non- 
petroleum energy sources or hydroelectric.^ 


DHR, Incorporated, et. al. Market Assessment of Photovoltaic Energy Systems for 
Worldwide Agricultural Applications; Phase I , Appendix C, May 31* 1980. 

I 

"Venezuela Sets Five-Year Plan for New Energy Development," Solar Energy 
Intel liuence Report . August 24, 1981. — — — — 
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3.5 >u«inc»» EnviroiMB>nt 


Comtri«s differ cmtsiderably with rei^ect to the busiiwM «>vi r o n — a t 
they offer the U.S. PV fint. Soete of the eejor criteria with idii^ to 
evaluate the buainess envirmawnt are: 

e tariff rates 

e tax provisiMis and special incentives 

e regulations (e.g., exchange cmtrols, restrictions on 
ownership) 

e resources for SMnufacture/assead>ly 

e special cultural factors 

These factors affect both the desirability of entering a foreign Sttricet and 
the optimal form of that entry (i.e.« exporting versus in-country auuiufacturef 
etc.) . 

Tariff provisions influence the price of a PV system, and hence its 
coi^petitiveness, or alternatively the profit rate of the U.S. PV firm. Tariff 
rates vary across countries and generally reflect whether there is a need for 
the product, whether there is an indigenous industry, and whether the product 
is brought in fully assembled or requires in'-country assembly. In Coloaibia, 
imported American PV arrays are assessed with a 10% tariff on the certified 
insured freight (C.I.F.) price plus a 6% sales tax on the C.l.F. price^. This 
rate applies only to the cells themselves, is^rted PV systems are subject to the 
highest tariff applic«d>le to any component part (i.e., 35% for batteries). 

Therefore, in Colombia, Mexico, the Philippines and other countries where such 
a provision applies, the U.S. manufacturer should ship balance of system 
coaqponents separately in order to avoid paying the higher rate on the entire 
PV systems. 

The "tariff rates" factor is difficult to evaluate in assessing busine&'s 
environments because many countries have not definitely decided \^n a tariff 
policy for PV. For example, in Nigeria, PV powered irrigation punp might be 
subject to a 15% energy systems equipment rate, or it may be included along with 
agricultuzal inputs and assessed a very low tariff. Consequently, the U.S. PV firm 
contemplating export should be most careful to clarify with country officials prior to 

^In addition, most ingorts are assessed the following surcharges: 5% of C.I.F. 
value for the Export Promotion Fund, 1.5% of C.I.F. value for the Coffee 
Promotion Fund, and 1% of f.o.b. value .‘or the Consular Invoice. 


3-9 


•ntxy the tariff his goods will be char<j(j. 

Nations also differ to the degree their tax provisions encourage foreign 
firm entry. The tax regulations that are applicable in a foreign market 
depend upon the form of entry chosen. Generally* the most favorable tax status 
can be attained by establishing local production facilities* especially with 
local equity participation. 

Some nations are very attractive from a taxation point of view. For 

exan^le, Oman levies no personal incom tax. estate or gift tax* capital gains 

tax* tax on interest or dividends* or sales or transaction tax. The only tax is 

on profits from trade or busi:.ess: ar'l with majority Omani ownership these are 

taxed at only 15\.^ The Philippine cre /eminent has granted the local manufacturers 

of PV systems "pioneer industry" tatus. This entitles such projects to a whole 

range of incentives* includinr; exemption fr«n all taxes under the National 

Energy Revenue code except ir. j^ne tax* exesg>tion/reduction of tariff duties 

on imported machinery and eguipii<ent* post>c^rative tariff protection* partial 

abrogation of Filipino requirements* and priority in receiving government loans. 

Special tax and other incentives are also available to the U.S. PV firm intent 

on establishing manufacturing operations in selected countries if it locates 

its production facilities in special areas %diere these nations are attempting 

to encourage development. In sri Lanka, enterprises located in its Free Trade 

Zone are eligible for modification of* or exemption from several laws* including 

2 

those dealing with taxation, exchange control* and customs. 

The presence of a variety of regulations can* depending on their severity 
worsen the business environment. Such regulations can take the form of 
import licensing requirements, exchange controls* restrictions on foreign 
national employment* local equity participation requirements* and credit 
restrictions. As we have seen in the discussion above* many nations weaken 
these regulations to induce investments: in nations where this is not the case* 
doing business will be more difficult and possibly less profitable. 

For the U.S. ?V firm planning to manufacture or assemble systems overseas* 
a country's productive resources need to be evaluated. Many less-developed 
countries lack the labor skills and manufacturing infrastructure necessary 

^U.S. Department of Commerce, International Trade Administration, Overseas 
Business Reports! Marketing on Oman * GPO* August* 1981. 

2 

The Hong Kong Bank, Business Profile Series; Sri Lanka* July, 1979. 
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for producing PV oquipnent. For exsnple, Bftngladesh Industrie ecvivity is 
prinarily concerned with jute processing, end the cou tr- ^lrk ocpcrienced 
labor difficulties in atten^t^^ng textile production.^ SiAdlarly, Botswana lacks 
the technological capability to fabricate or assemble solar products. 

Finally, special cultural factors, specific tr individual nations must 
be considered. These influences are t'ue most difvicult to identify without 
an on-sitc investigation, yet they can potintial7y have a dramatic in^ct on 
sales. Two unexpected side effects from the installation of PV punqps in Mali 
illustrate this problem, in one case, a local leader decided that he would 
take possession of the pun^s by using some remote clause in the un%rritten local 
laws to assert to villagers that by virtue of grazing rights he was legally 
entitled to the PV array. He subsequently charged the villagers for the water 
the pumps produced. In a second case, women who used to draw water from the 
«rell where PV pumps were installed were left with no work and subsequently 
fell into habits unaccepted>le to village customs. 

3.6 Distribution Network 

Another factor which must be considered in evaluating the suitability of 
a country is whether a distribution network that is adaptable to PV currently 
exists. Such a network will not only facilitate sales of PV systems, but it 
will also aid the manufacturer in installing and servicing his products. 

The Philippines provides an example of a country with a well-established 
diesel and gasoline engine distribution network that should be able to accomodate 
PV. Dealer outlets which are amenable to selling competing products already 
exist. In addition, service and inventories of spare parts are either made 
directly available in smaller cities and rural areas or provided through 
small electrical x'epair shops. Presidential decree has also mandated 
that dealers supply parts and service along with any products sold to the 
government or used in government development projects. 


^U.S. Department of Cornmerce, International Trade Administration, Foreign 
Economic Trends and Their Implications for the United States; Bangladesh , 

GPO, March, 1981. 

2 

Solar Energy Research Institute, Solar Market Conditions and Potential, Botswana , 
GPO, January, 1981. 

^DHR, Incorporated, et al, op. cit. Appendix G. 
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On the other hand, Nigeria presents an exanple of the absence of an 
adaptable infrastructure, nie availability of service and spare parts is 
extreswly lisdted outside the sajor cities. Many rursl developsunt and 
agricultural nechanixation projects have experienced great difficulties because 
of maintenance problems. Accordingly, U.S. PV firms contogtlating entry 
into Nigeria should plan on developing full service and installation capabilities. 
In particular, balance-of-system coeg>onents %«hich stay be the SK>st vulnerable 
aspects of systems, need to be stocked for quick repair or replacement. This 
is particularly critical since reliability is such a key factor in the Nigerian 
market, with users willing to pay a premium for reliable systems. 

Dealer practictis on product markup are also salient. For example, in 
Morocco, dealers are accustomed to receiving 30% markup on sales. On a $20,000 
IKH PV system, this would translate to $6000 and could very well price PV 
systems out of the marketplace. Such high markup rates can possibly be lowered 
by offering dealers iimovative credit plans by %ihich they do not have to bear 
the entire cost of carrying PV systems in inventory. Nevertheless, U.S. PV 
firms should either refrain from entering markets where high markup rates will 
render PV systems uncon^titive, or should insist on dealer's orienting themselves 
toward high sales volume and low markups.^ 

3.7 Competitive Environment 

The extent of cospetition from foreign and local PV manufacturers is a 
major detenninemt of the ease of market entry for U.S. PV firms. Additionally, 
the vigor of a country's conventional power equipment industry, and the 
strength of historical footholds of foreign firms within it, will affect the 
magnitude of U.S. PV sales. 

U.S. firms currently dominate the world PV market. They generally enjoy 
su( .*ior technology and lower production costs than foreign rivals. As 

2 

illustrated, U.S. product shipments %#ere ^kbout 770KWp in the second half of 1979. 


^As was noted in the competitive environment section, the Japanese have succeeded 
with the latter strategy in the Philippines, holding dealers to 3% markup on 
gasoline and diesel engine sales. This has allowed them to secure a large 
share of the market in just a few years. 

2 

U.S. Department of Energy information Administration, Energy Data Report; Solar 
Collector Manufacturing Activity, July through December 1979 , GPO, March, 1980. 
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Japan, a new entrant into the PV field had product shipments of only ie-20 
KWp in all of 1979.^ 

Nevertheless, U.S. PV firms should expect to find foreign competition 

in a number of developing countries. European firms are concentrating their 

sales efforts in third world nations. In particular, our case studies indicate 

that French marketing efforts are very active. In the Philippines, they currently 

have two small 200 watt demonstration systems located in the Province of 

Bulacan outside of Manila. Thomson CSP is selling PV-powered rural television 

station systems in Mexico, and Guinard and Briau are both marketing water 

pimping stations equipped with PV modules. Further, a French cospany is active in Nigeria 

with a 5KW demonstration in northwest Nigeria currently under development. 

West German, Dutch and Australian firms are vying for PV sales. The 

German firms AEG-Telefunken and Messerschmidt , as v>ell as Phillips Holland, are 

currently marketing PV in Colombia. In the Philippines, AEG-Telefunken will 

supply a $4 million PV system for the Province of Zllocos del Norte; an 

Australian firm is selling used American solar panels to a Filipino entrepreneur. 

Moreover, Phillips Holland was the first PV firm to enter the Mexican market, in 

1972-73, and is reported to be pleuining to begin assembly of PV modules in Mexico 

in the near future. And in Europe, the Germans (as well as the French) are currently 

2 

operating demonstration projects of 20-100 KW in size on the Greek Islands. 

Perhaps the most serious long-term threat to U.S. PV sales in developing 
countries ccxnes from Japanese firms. As noted above, Japan does not presently 
hold a strong position in the international meurkets. However, tlie Japanese are 
vigorously seeking advancement of their PV technology. Sanyo and Fuji Electric 
claimed to have developed amorphous silicon PV trial cells with conversion 
efficiencies of 6.91% and 6.47%, respectively; ii; april, 1981, the best similar 

3 

cell produced in the U.S. had a conversion efficiency of 6.1%. Similarly, 
scientists at Japan's government -operated Telecommunications Research Institute 
claimed to have succeeding in producing 20-micron thin, 5-centimeter-wide ribbons 
of crystal ized silicon "at a revolutionary high speed and at a production cost 

4 

less than one- thousandth of that of conventional methods. 

^"The Japanese Photovoltaic Threat", Solar Age , February, 1981. 

^IIT Research Institute, Renewable Energy Systems Market and Requirements Analysis 
in Italy, Spain and Greece , April, 1981. 

^"Sanyo Electric, Fuji Electric Boast Amorphous Si PV Efficiencies of 6.91%, 6.47% 

Solar Energy Intelligence Report , April 29, 1981. It should be noted that effi- 
ciencies attained in trial cells would be lower in coiranercial production. 

4 

"Japanese Report Low-Cost, High-Speed PV Production", Solar Energy Intelligence 
Report , April 14, 1980. 
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Japanese firms %irere found to be pursuing PV sales in two of the case- 
study countries. In Colombia, both Sharp and Sanyo are active. Moreover, 
both Sharp and Sanyo are advancing their position in the market by being 
more willing to set up PV demonstrations than either U.S. or European 

firms. In the Philippines, Japanese firms have approached local entrepreneurs 
to gauge their interest in PV systems. In this market, U.S. PV firms are 
well-advised to offer low dealer margins in order to prevent the same kind of 
share losses to Japanese firms that occurred in the engine industry. In just 
a few years, Japan was able to garner 75% of the diesel and gasoline engine 
market, mostly as the expense of U.S. engine manufacturers, by holding dealers 
to a 3% markup.^ In general, Japan's superlative acumen in exporting goods 
and services will likely make its PV firms formidable competition in developing 
country markets once its PV industry matures. 

Local PV firms are another source of competition. Such conpetition is 
likely to be a major factor in Mexico since its Institute Politechnico Nacional 
(National Polytechnic Institute) is planning to expand its installed production 
capacity to 20lCWp by 1982 and is seeking funding for a commercial-scale (300KWp/ 
year) plant. Similarly, in the Philippines, a large, Filipino Industrial firm 
and a large commercial bank have expressed interest in establishing an indigenous 
PV industry based on American technology. 

In addition to investigating current PV activity in foreign markets, it is 
instructive in assessing the conpetitive environment to examine countries' 
conventional power equipment industry (gasoline and diesel generators) . Th..s 
factor CM have either a positive or a negative effect on PV sales. In a country 
where PV systems are econcxnically competitive with gasoline and diesel engines, 
a well-developed conventional power equipment industry will provide the in- 
frastructure with which to market PV. However, where PV are not cost-effective, 
a strong conventional equipment industry will serve to heighten this barrier 
to sales. 

A further consideration with regards to a country's conventional power 
industry is the relative strength within it of U.S. firms versus their foreign 


1 


Solar Energy Intelligence Report , April 20, 1981. 
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con^titors. A well-established working relationship in the conventional power 

industry can be carried over to PV sales, thereby impeding other would-be 

suppliers. A prime exan^le of such a relationship is Francophone Africa 

(Algeria, Morocco, Ivory Coast, Senegal, Gabon, Cameroon, and Tunisia). Most 

of these countries are former French colonies, and in Algeria, Morocco, Ivory 

Coast, and Senegal, French imports receive special trade preferences. France 

supplies most of the region's electric power equipment, accounting for the 

largest shixre of inports in Algeria, Senegal, and the Ivory Coast. The U.S. 

and Germany are each major suppliers to only one country in the area.^ On 

the other hand, the U.S. is a major supplier of electric power equipment in 

2 

such areas as the Middle East, Taiwan, South Korea and Brazil. 

3.8 Trading Status with U.S. 

Well-developed trade relations between the U.S. and a target international 
market will have a favorable influence on PV market penetration. The familiarity 
bred through trade in various goods and services makes nations more receptive 
to each others' products. Moreover, historical trade relations will eisg>lify 
the mechanisms of U.S PV systems exports. The organs and officials necessary 
to conduct such trade will be in place. 

Ted)le 3.2 details America's leading trading partners, as defined by exports 
plus imports, in 1980. As might be expected, developed countries and U.S. oil 
suppliers dominate this list. The 15 countries account for over two-thirds 
of total U.S. trade in 1980. 

While extensive trade relations can aid PV penetration by U.S. firms, the 
absence of a significant level of historical trade will not preclude PV sales. 
Rather, this market factor should be thought of more as a positive influence pro- 
moting PV sales than as a significant barrier. 


^OriB, Incorporated, et. al., op cit. Appendix P. 
^Ibid. 
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Table 3.2 

15 Leading Trading Partners with U.S. in 1990 


Count! 


Sxporti Plus Imports 
($ billion) 


Canada 

Japan 

Mexico 

Federal Republic of Germany 

United Kingdcwi 

Sa\idi Arabia 

France 

Nigeria 

Taiwan 

Netherlands 

Venezuela 

Italy 

Republic of Korea 

1 / 

Belgium A-uxertborg- 
Brazil 


SOURCE: U.S. Bureau of Census, Highlights of U.S. Export and lBg>ort 

Trade, FT990, December, 1980. 


There are grouped together in Census Bureau statistics. 


3.9 ConclutloM 


Our invustigation r«v«ftl*d th* iaportancs of Mvora? Mrkot*rolat«d factors. 
Infomational and attitudlnal concams wars found to ba ona of tha aost iaportant. 

Not only will tha laval of knowladga about PV systams diractly affact consuner 
daaand, but it will also influanca tha availability of financing and anargy/ 
agricultural policy. In fact, it will also iiMliractly shapa the buainass anviron* 
nent of a potantial aarkat as welli a nation's davalopnent plana, as axprassad 
in its anargy/agricultural policy, will hava a baaring upon tha ragu' tory and 
tax policies it institute. 

An equally iag>ortant factor limiting PV sales is the availability of long-term 
financing. There is a critical capital shortage in most developing countries) 
the exceptions being tho oil e)q>orting countries, although due to depressed oil 
markets, they too are being faced with capital shortfalls. This implies that 
PV companies may have to devise innovative financing strategies or develop new 
sources of capital. 

Several of the market-related factors influence the cost-competitiveness of 
PV systems. If a nation chooses to subsidize petroleum prices to consumers, PV 
will have a much harder time penetrating the private sector. Similarly, the 
competitiveness of PV systems will be hindered by dealer's taking high mark-ups 
on sales. Such problems will be exacerbated for U.S. firms if competitors are 
able to hold down the siargins added to their prices, as the Japanese have done so 
successfully in the conventional energy power equipment industry in the Philippines. 

Finally, several factors will determine the ease of entry. The existence of 
restrictive statutes, high tariff rates, or impeding cultural traditions will make 
a country less attractive as a potential market. On the other hand, the presence 
of an existing distribution network that can be adapted to PV sales, and well- 
developed trade relations with the U.S., will facilitate entry into a market. 
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4.0 POTENTIAL MARKET FOR PV IM ACRICOLTORE 


The purpose of this chapter is to use the results and insights gained during 
the field studies to estinate the t#orldwide starket potential of PV in rsMote, stand- 
alone agricultural sector applications. 

4.1 Estimation Procedure Employed in Case Study Countries 

The market estimation procedure used in the case study countries was based 
on the hypothesis that a siarket will start developing tdten PV systoM are cost- 
competitive, on a life-cycle basis, when compared to the least cost, practical 
alternative. At this point the market share of PV will be close to sero as the 
conventional systems ha -e the advantages of existing supply and repair systems, 
tradition, less initial capital investment and greater end-use flexibility. As 
the cost advantage of PV over conventional systems grown so will its market share. 
Once the cost equality point for PV is passed, their rate of penetration will be 
determined by market-related factors. Another assunption made in estimating 
the market is that ?v systems will first penetrate into areas where users are 
already using mechanically or electrically powered equipment. For exaaple, PV 
systems will be more acceptable to a farmer using a gasoline engine driven pump 
than one who irrigates the field manually. 

The bounds on the market size vrere set by a "bottom-up” approach. The 
bound is defined as the peak power required for the total nund^r of cost cospetitive , 
practical applications. A discussion of feasible, cost-conpetitive agricultural 
applications were given in Chapter 2. The upper bound is then adjusted by an 
appropriate market penetration rate which is a function of factors such as: equip- 
ment turnover rates, awareness, financing availability, institutional barriers/ 
incentives and other market related factors such as the premium that is placed on 
PV's low maintenance requirements. 

The market estimatas for the case study countries are summarized in Table 
4.1. The table also shows the major factors that influenced the selection of 
en appropriate market penetration rate. A significant potential for PV use in 
agriculture was found in all the countries except Morocco, where a lack of cost- 
competitiveness caused the market to be small. 
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4.2 Eitiwation of th« Worldwid* Agricultural S«etor PV Harlf t 


Th« purpose of this section is to use the infonsstion obtained in. and con* 
elusions drawn from, the case studies to estimate the sise of the worldwide 
market. They are based on aggregate data availal)le in the U.8. and should only 
be considered "order of-magnitude" estimates of siarket site . They will be 
useful in identifying countries with a high sales potential. However, a detailed 
country specific assesnnent must be conducted prior to launching a marketing 
cainpaign. In this section various indicators are examined to evaluate their 
appropriateness in extrapolating case study results to other countries. Xn 
Section 6.3 an appropriate indicator is used to estimate the site of the worldwide 
market for PV systems in the agricultural sector PV market. 

A variety of aggregate data indicators could be used .•' evaluate th'.« PV 
market potential in the agricultural sector of a country. The indicators atteng>t 
to measure the intensity of PV use in the agricultural sector. Some indicators 
that may be applicable are: 

e KWp per agricultural holding 

e KWp per hectare of agricultural land 

e KWp per agricultural %«orker 

e KWp per dollar of agricultural output 

e KWp of PV per KWp equivalent of agricultural sector energy use for 
stationery purposes. 

They are used in the same sense that per capita energy use. energy used per 
GDP dollar, or energy used per sectoral value-added is used to measure the energy 
intensity of a country. While these indicators are useful in drawing broad 
conclusions regarding a country's energy intensity, using their, to derive market 
estimates would enable only first order approximations to be made. Similarly, 
the indicators used to assess PV market '«lze should only be used to identify 
countries that probably should be evaluated sore closelv, in particular some 
problems associated with use of aggregate data are: 

e The market penetration process is much more complex and involves more 
factors than can be represented by one or several indicators. 

• There could be considerable error in the data. 

e The PV market estimates reflect to some extent the subjectives biases 
and expectations of the field investigators. 

e Given the rapid changes that have taken place in the last decade, neither 
current activity nui trends may accurately reflect the future. 

These caveats should be borne in mind when studying the remainder of this 
chapter. Table 4.2 shows the value of each J,ndicator in the case study countries. 
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TABLE 4.2 INDICATORS OF INTENSITY OF FV USE IN AGRICOLTURE 
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Nigeria and Mexico are anomalies which cannot be considered **typical" middle- 
income developing countries. The large siarket expected in Nigeria (0*6% of 
agricultural sector energy use) is primarily due to availability of capital# 
ambitious rural development plans and a poor niral electrification and a lack 
of engine maintenance facilities. On the other hand# even though Mexico 
has capital and has an anibitious rural development program# its rural electrification 
program is more achieveable. Furthermore, fuel prices are subsidized and there 
are ro engine maintainability problems in Mexico. Thus# the market in Mexico 
is much smaller than in Nigeria (0.02% agriculture sector energy use). The 
lower percentage is also due to the greater energy intensity of Mexican agriculture. 
Cowitries such as the Philippines and Colombia are more typical of the middle- 
income developing countries* The market penetration in these two# range frcxn 
0.1 to 0.25 percent of agricultural sector energy use. There is# however# con- 
siderable variation in the other indicators. 

Since commercial energy use statistics tend to be more reliable# and because 
the "energy use" indicator appears to fall into a more rational pattern, it 
will be used to extrapolate the case study results to other countries. 

The following procedure will be used in estimating the market size: 

1. Countries are grouped into high# medium and low market potential. 

The procedure adopted in the classification into high medium and low market 
potential countries was based on comparing several key factors considered 
important when assessing PV sales potential. The criteria and their 
surrogate measures axe detailed below; 

1) The financial capability of a country and its farmers to purchase 

photovoltaics . 

Financial capability of a co\uitry and its farmers is assiamed to rely 

upon four major variables: 

- the value of its agricultural production# since total agri- 
cultural products' worth can affect revenue availadDle for 
PV purchase; 

- the purchasing power of exports# as this can affect a 
country's economic trends and ability to pay for PV; 

- fanner per capita income# since the private market depends 
upon farmers with sufficient capital for purchases; and 

- the percent agriculture contributes to a country's export 
ear..xngs# as the importance of agriculture to a country's 
overall economic structure affects the likelihood of capital 
investments. 

2) The need for photovoltaics 




The need for photovol tales is dependent upon two important issues: 
the amount of export earnings used to import energy (this is of 
special importance when agricultural products make up the bulk of 
export earnings) , and the extent of rural electrification. 

3) The extent of trade^ and the ease of trade beti#een the U.S. and 
respective countries: 

Extent of trade was measured in terms of dollar volume of U.S. pro** 
ducts imported into a country. Base of trade was measured in terms 
of the number of selective trade barriers existing between the United 
States and each country. 


4) The ability of a country to service and maintain conventional power 
syst&ns . 

The importance of thiscriterion was stressed to the country study 
teams, particularly in Nigeria. In Nigeria, extremely low relia- 
bility and maintainability of gasoline and diesel engines in the 
rural areas makes a technology such as PV, with its low maintenance 
requirements, very valuable. In instances such as this, where capital 
is available and/or the crop*s value worthy of investment, photo- 
voltaics become a realistic alternative source of energy despite 
the ciirrent use of gasoline or diesel engines. 

The criterion,however, is difficult to analyze statistically because 
of this type can only be gathered reliably by in-country field visits 
since field visits could not be made to all countries. Rankings 
were based upon the percent of active enployment in manufacturing. 

High percentages indicate more persons familiar with engines and 
machines, as well as accessibility to manufactured or imported 
machine parts. 

5) Solar Insolation 

The criterion used was the average soletr insolation falling upon a 
country. Too great an exiphasis was not placed on this criteria 
since: a) roost countries had adequate levels of sunshine, b) availa- 
ble data is often unreliable, and (c) site-specific, rather than 
co\mtry-wide , average values are more important. 

A multiattribute scoring function based on the above cr. ?:erion as 
used to rank countries. Appendix A gives the details of the ranking 
procedure. Table 4.3 shows results of the ranking* It should be 
noted that cotantries where the current environment is unsuitable 
for U.S. trade were not considered in the ranking. 

2. Market potential is then defined as: 

High— 0.1 tc 0.5 percent of the KWp equivalent of agricultural sector 
energy use. 


Medivan — 0.05 to 0.1 percent 
JX 3 W — 0.01 to 0.05 percent 


4-6 


4.3 Mrk«t Sin> EitiiMition 


The above procedure eetlMted that the worldwide total agricultural aector 
Market potential ranged fron 14HNp to SSNWp between 1961 and 1986. Opportunitiee 
for PV eysteMs would primarily be in epplicationa requiring leee than 4XW of power. 
Theee include t battery charging » power for Maintenance yards and domestic needs 
on large famis, irrigation for small farms, livestock watering and produce coolers. 
If JPL cost goals cannot he met in the expected timeframe, and costs are exceeded 
by 20 percent, the potential agricultural sector market could only be attained 
in the 1981-88 timeframe. 

Table 4.4 shows the countries which account for over 90% of the regional 
market. From a regional perspective, Sub-Sahara Africa appears to have the 
worst potential. This conclusion is not uneicpected, given the worsening econ«nic 
conditions in that region. In terms of regional market concentration, the top 
three countries in the Central and South American region account for 90 percent 
of the potential maxket. In the Europe, Middle East and North African region the 
top six countries accout for 90 percent of the market share. The top three 
account for 60 percent of the market share. In Asia and Oceania, 90 percent 
of the potential market is held by seven countries. The top three countries 
account for 74 percent of the market share. • Appendix B gives detailed, country- 
specific market estimates. 

4.4 Conclusions 

Several countries which may have high agricultural sector PV starket potential 
were identified. These order-of-magnitude estimates should only be used to select 
countries for further, more detailed, country specific evaluations prior to 
developing a marketing strategy . 

The basis of the estimates was a "top-down" process utilising agricultural 
sector energy use data; market estimates for the case study countries; and a 
ranking of countries based on their photovoltaic need, financial capability, 
and ease of trade. Detailed market and applications data could not used since 
such data %n»re not available on a worldwide basis. 

Developed countries in Western Europe were not included in the analysis since 
their rural areas are electrified. They constitute a post-1986 grid-connected 
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TABLE 4.4 


COUNTRIES ACCOUNTING FOR 90% OF THE MARKET IN EACH REGICW 


Asia and Australia 

Australia 

India 

New Zealand 
Pakistan 
Philippines 
Thailand 


Sub-Sahara Africa 

Ghana 

Kenya 

Nigeria 

Hozambique 

Europe, North Africa and Middle East 

Egypt 

Greece 

Italy 

Portugal 

Spain 

Yugoslavia 

Central and South America 

Argentina 

Brazil 

Mexico 
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market > Eastern European countries and the Peoples Republic of China irerc not 
considered due to trading difficulties. 

It is most likely that the demand for PV especially for rural services and 
telecomnunications may exceed PV demand for agricultural applications. 
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5.0 STRATEGIC RECOMMENDATIONS AND CONCLUSIOMS 


5.1 Important Market Factort 

Previous chapters in this report have generically characterized and analyzed 
the international PV marketplace with regards to attitudes* policies* financing 
and market potential. This analysis was supported by evidence gathered from the 
five countries that were visited. Based on this research, the following factors 
were judged to have a significant impact on the development of the agricultural 
PV market and on the strategies en^loyed to penetrate and develop the marketplace. 

• characteristics of PV power ; Certain applications* such as water pumping* 
are best suited for PV's unique power generation profiles. Marketing 
strategies should be based on those applications that are technically 
matched with PV rather than initially atteapting to change consumer 
behavior. 

e Price ; Consumer buying behavior in the developing nations is character- 
ized by high discount rates and consequently very fast payoff times on 
investments. PV's high initial price will not be appealing to small 
landholders unaccustomed to life-cycle cost decision making. Price 
also limits the range of feasible PV applications. Based on country 
visits* applications below 3KW .'<.n size are generally economically 
competitive with diesel and gasoline power generation today. Therefore 
marketing PV systems will require a focus on small power applications 
in agribusiness and medium to large landholder settings. 

e Competing Price of Fuels ; Energy surplus nations that subsidize their 
energy cost to the consumer will not be prime private sector PV markets. 
Feasible PV applications will most likely be IKW or less in size and 
located in remote locations away from the grid. This increases marketing 
costs two ways. First, many more systems will have to be sold to justify 
a marketing position in this type of country. Second* potential 
buyers in remote locations are difficult to contact imd inform thereby 
increasing advertising and marketing costs. Sales to the public sector 
which would evaluate PV applications based on opportunity costs of 
competing fuels are equally feasible in both energy surplus and energy 
importing countries. 

• Financing ; Other than the oil exporting nations, most farmers and 
agribusiness have limited access to long-term financing. In addition, 

PV will most likely take a lower priority in the allocation of govern- 
ment long-term capital financing particularly if other renewable energy 
sources are judged to be economically superior. This implies that PV 
dealers and manufacturers may have to provide financing mechanisms. 

• Attitudes and Awareness ; Initial PV market entry will be limited by 
the lack of information by potential customers and the general public 
on PV systems. Information dissemination through traditional and 
non-traditional advertising channels will be important in developing 
the market. 
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• Fragwented Marlftpl«c« t Potential PV cuatoMrs can range fron govern- 
ment financed rural development projects, agribusineaaes, cottage 
induatries, to medium sired landholders, tach market segaient has 
an associated buying behavior and value system that the marketing strategy 
must reflect. 

The next few sections describe some of the options that American PV 
manufacturers, PV dealers and the U.S. Government have open to them in 
BMirketing PV systems abroad. 

5.2 Strategic Recowmendations 

From the field visits, it is clear that American PV manufacturers or 
dealers of PV systems are developing a virgin market that requires innovative 
marketing tools and an aggressive market strategy. There are six components 
of a marketing strategy that are important in developing the international photo- 
voltaic market: advertising and information dissemination; financing and pricing; 
product distribution; product-market fit; product or service availability and 
trade relationships. Each of these components are described in greater detail 
in the next few pages. Together they represent a cos^rehensive approach to 
marketing PV. These strategies outlined in this report should be considered generic 
suggestions to PV manufacturers and dealers. The actual market strategies 
employed would depend significantly on the market characteristics of the individual 
nations concerned. 

5.2.1 Advertising/Information Dissemination 

A significant barrier to marketing PV abroad is the lack of information and 
awareness on the technical and economic advantages of PV systems. Potential 
users of PV systems, government agencies, current diesel and gasoline engine 
users, etc., do not have a sense of >dtat PV is and how it can be used. 

Exacerbating the problem is the inadequacy of information transfer mechanisms 
in developing countries. Thus, the dissemination of product information in 
developing countries becomes a cosqplicated and expensive task. 

There have been a number of successful agricultural information dissemination 
programs operating in the developing countries. Most notable among these 
programs, are those promoting the "green revolution" methods of i.ncreasing 
agricultural yields. Although mounting a similar information dissemination 
program by an individual company is prohibitive in terms of cost and time; an effective 
alternative may be an industry financed trade association whose objectives is 
to promote PV use overseas. This association through briefing of important govern- 
ment officials, advertising, demonstration, etc., would increase the general 
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level of knowledge of PV within the country end help promote US nenufectured 
PV lysteme. At the sene time, the eseocietion could send beck to s\;d)scribers 
both market information end opportunities. 

For the individual con^eny, brand name identification will be an in^ortant 
conqponent of any marketing strategy. This association of name and product could 
be accomplished through dissemination of company literature, advertising and use 
of information media found within the country. To effectively reach the 
potential cust«ner and more importantly create demand for the company's PV product, 
demonstrations of PV systems may be the single most effective tool. With low 
literacy rates in developing countries i Information Is often disseminated by 
word of mouth based on one person's experience; thus the advantages of providing high 
profile PV demonstration units are considerable. First, demonstrationr. will 
show farmers the energy and cost saving advantages of PV. Second, demonstrations could 
disseminate information on where and from whom to buy PV equipment. 

Many agricultural research stations also provide training for agricultural 
extension workers and farmers. One example, the International Rice Research 
Institute (IRRl) in Laguna, Philippines provides tours to about 20,000 persons 
from around the world each year. A PV demonstration unit at IRRZ %fould have 
a high profile and associate a brand name with the product. Similar research 
institutions focusing on other agricultural products are located in several coun- 
tries worldwide. Small demonstration un:ts placed with agricultural extension 
workers may also be an effective marketing tool. Mote that any form of demon- 
stration should be constructed to follow closely the agricultural practices 
currently being introduced into a country, plus, it must be cost-effective. 

As a final note, any information dissemination program should account for 
differences in values, economics and policy within a coxintry. An information 
program based on an American or European audience may be less effective in a 
developing country. 

5.2.2 F inancing and Pricing 

Customer financing of PV purchases may be the most important factor in a 
developing country PV market. Low per capita income, the lack of available long- 
term capital in some countries and the high cost of capital combine to severely 
restrict the ability of the customer to pay for a high first cost PV system. 

There are a few solutions to this problem: Some development banks will offer long- 
term loans at low interest rates but only to cost effective PV systems. 

However, the total amount of money available may be small. Focusing marketing 


5-3 



•fforts on corporations or govarnment agendas that have the nonay to buy PV 
systems will solve the financial problem* but the market may be limited. 

Another approach in overcoming financing difficulties is leasing the PV 
equipment to the customer. Although leasing arrangements are generally not 
used in the developing countries* there are soeia advantages of leasing that 
make it an attractive financial alternative. First* leasing a PV system will 
spread PV systems costs over a period of years. For a small IXW system* a year's 
lease would amount to about $684 comparable to $1049 for leasing* aerating 
and maintaining a IKW gasoline system (see Table 5.1). Second* leasing programs 
can be operated by a local distributor %dto would purchase panels from a US 
manufacturer and in turn rent the panels to farmers in the area. With this type 
of arrangement* panels could be rented seasonally* say for water punpir.g at 
a significantly lower cost than a gasoline engine and then reused for battery 
charging when demand for water pumping decreases. The above case is a^ql,iQAble 

to small scale units which are transportable. Z«arger units could be leased 
for five years — a decision-making time frame acceptable to a farmer who would 
have purchased a conventional power source. Thus, the farmer sees a lower energy 
cost and does not have to make a 20-year comittment* the U.S. PV manufacturer 
sells the panel outright* and the dealer realizes a substantial profit. Further- 
more* it could be financed by short-term loans. Not only are farmers more familiar 
with obtaining short-term capital loans* the amount of funds available is also 
much greater than long-term loan funds. Despite the obvious financial advantages 
of such an approach* leasing programs must be considered with care. Since most 
people in developing nations are accustomed to receiving a product in exchange 
for money* a leasing program may be looked upon with some mistrust. In addition, 
losses though theft and vandalism may be substantial. However, with all thingr* 
considered, leasing or lease-buy programs may be one means to increase market 
size of PV systems by reducing the financial burden on the customer. 

Pricing PV units is a conplex task since PV is fundamentally different 
teciinically and economically from otlier energy alternatives sucit as gasoline 
and diesel generators. Additionally, many consumers in developing countries do 
not evaluate purchases on a life-cycle basis instead consider first costs or 
pay back period in making investment decisions. Con^tition with other PV firms, 
as %#ell as conventional energy prices* also figures into any pricing decision. 
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TABIE 5.1 


COMPARISON OF A PV LEASING PROGRAM TO 
THE LEASE OF A GASOLINE ENGINE 




PV SYSTEM 

IKM GASOLINE ENGINE 

1. 

Capital Cost ($) 

1974^ 

762^ 

2. 

Operating Cost ($/yr.) 

12^ 

642^ 

3. 

Lifetime (yrs.) 

20 

5 

4. 

Power Array (KW) 

1 

1 

5. 

Salvage Value ($) 

785® 

76® 

6. 

Depreciation 

5 year straight 

line depreciation 

7. 

Investment Tax Credit 

10% 


8. 

Tax late 

5% 

5% 

9. 

Return on Investment 

20% 

20% 

10. 

Period of Analysis 
Annual leasing cost 

5 years 
$684 

5 years 
$1049 


1) Assuming $1000 for two storage batteries plus $974 for a iKWp array at 1962 
prices of $9.74 per peak watt. 

2) Assuming a 1982 price of $762. 

3) Operating cost for cleaning is assumed to be 0.02 hrs./day for 300 days per 
year at $2/per hour for labor. 

4) Assuming an operating time of 4 hrs/day and 0.3 gallons of fuel per hour 
for 300 days at a 1982 price of $1.75 for the gasoline. 

5) Salvage value is assumed to be 10% of battery cost plus a 1986 cost of array 
of $6.85 per peak watt in 1986. 

6) Assuming a salvage value of 10% capital cost. 

7) Rental Income ■ ^ ^ ^ return on investment 

for Five years ® 4 capital cost s operating cost 

- tax rate (depreciation + operating cost) 

- investment tax credit - salvage value) 
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5.2.3 Product Di»tribution 


D««l<rs and diitributora ar« an aaaantial and coatly conponant of any 
auccaaaful ovtraaaa aiarkating affort. Xn tha caaa of PV. tha markat to data 
ia too mall to tupport an axtanaiva diatribution ayatan within any davaloping 
country. For an individual coapany it ia claarly out of tha quaation. Thia 
doaa not inply« t^owavar, tha a PV nanufacturar ahould not try to davalop an 
alanantary diatribution natwork within a country. 

Thara ara a number of waya in which a distribution natwork could ba aa- 
tablished; 1) piggyback on to existing pusps. electrical generators > diasal 
and gasoline angina distributors; 2} establish a new axcluaiva dealership within 
a country with a local entrapranaur and; 3) davalop an exclusive distribution 
system within a country by the PV manufacturer. 

Of these three options, a piggyback option uy ba the most advantage ;>us. 
Initial sales of PV units will be in the lass than 3KW range and initial coajpati- 
tion will ba with small gasoline and diesel punps and generators. Given that 
gasoline costs are high plus government programs to reduce gasoline usage ara 
being pushed in many developing countries, sales of small gasoline and diesel 
punps have suffered. Currently, many distributors of pumps and engines would 
%#elcome an alternative that would smooth out the sales cycle. From interviews 
with overseas distributors, the majority expressed interest in carrying PV 
products as a source of supplemental income to their product line. The advantage 
of using existing system are t* of old. First, the costs of marketing the PV 
product would be greatly reduced by having the distribution infrastructure al- 
ready in-place. Second, the existing distribution network has a %«orking knowledge 
of the marketplace. As a disadvantage, PV systems will be sold as a source of 
secondary income and may not be given priority by the sales people. This 
approach would likely be best suited for smal] coeqplete package systems. 

Options Two and Three have the major disadvantage in that they will be 
expensive to develop and initially less effective in reaching a large proportion 
of the marketplace population. However, the advantages are that the PV product 
will receive full attention of the sales people, and a dedicate;, distribution 
system to PV will begin. Option Two has an additional advantage over Option 
Three in that a local entrepreneur tiould bring to the venture, knowledge about 
the marketplace. It should be mentioned that many countries do not allow foreign 
firms to participate in retail sales, however, v -st nations do allow foreign 
cong>anies to participate in wholesale trade. 
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5.2.4 Product-Marktt Fit 

Today's agricultural tnarkat for photovol tales will b« liadtod to SMsil apt^li*- 
cations, those less than 3KN PV stand-alone systras located atny froei the utility 
grid system. These applications includes battery charging, sstall field irrigation 
and livestock watering froc< shallow depths, sstall grinding mills and sstall produce 
coolers. By 1985-66 assuming PV price goals are met, PV could be used in appli- 
cations requiring 4 to 6 KN of power including deeper well irrigation and livestock 
watering, larger grinding/milling ^rations and aquacultural uses. 

In offering PV systems to the agricultural cosmiunity, the PV manufacturer 
should initially offer sstall complete package systems that are economically and 
financially viable as compared to other alternative energy sources. Later as 
costs drop, the manufacturer should expand product lines to include larger power 
outputs. Offering an entire range of PV systems from the small to the large may 
be expensive both in terms of development and inventory . As a rule FV will compete 
only on those markv. s in wi'ich it has a cosparative advantage over other energy 
sources. 

There is also a tendency among new companies marketing new products to fit 
the customer behavior to the product. In developing countries, there is less 
likelihood that traditional agricultural practices could be altered tr fit the 
unique characteristics of PV systems. In marketing PV, the syste»^ o ferad for 
sale should correspond to fanning practice currently in use. As s,i> c.". ample, 
consider the problem,* of selling a PV powered produce cooler to fanners unaccus- 
tomed to refrigerating vegetables, not only does the PV power source have to be 
sold to the farmer but also the produce cooler. This task %*ould be made simpler 
if farmers are currently using these systems. 

5.2.5 Product and Service Availability 

Closely tied to the development of a distribution infrastructure are the 
problems of offering the customer quick and quality service for all products 
sold plus maintaining adequate supplies to meet PV demand. As a marketing 
tool, service availability is exceptionally effective. An an exangjle, after 
World War II an American manufacturer of diesel engines offered to service any 
large diesel sold anywhere in the Philippines. The goodwill (and surprise on 
seeing an American engineer so far from home) to this day has helped this conpany 
maintain its market there and become a housetiold name in the Philippines. To 
generate similar goodwill, the American PV companies should try to offer a 



complete range of quick maintenance and repair services to all potential 
customers. Although costly, such service will generate a positive image 
of the py industry as a vdiole and of a conq;>any in particular. The same can 
be said of having a ready supply of PV systems so customers do not have to 
wait for PV systems to be imported (often a process that takes months) . 

5.2.6 Trade Relationships 

Finally, tne PV manufacturer should be flexible in considering the benefits 
offered by a developing country in terms of tariffs, license, taxes, trade allow- 
ances, etc. In many cases, a manufacturer will forego some incentives offer d by 
developing countries in order to maintain an equity position, protect a patent, 
etc. In a virgin PV market and with possible heavy Japanese and European cc»qpe- 
tition, the early loss of market share to competitors by not taking 
advantage of financial, tax and other incentives offered by a developing country 
may prevent significant market development later as competitors establish them- 
selves in the marketplace. 
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APPENDIX A 


Characterizing Countries with Potential for High PV Sales 

The purpose of this Appendix is to classify countries based on the probability 
of achieving high PV sales in agricultural applications. The procedtire used 
for this classification was to centre several key factors emsidered important 
when assessing photovoltaic sales potential. It should be noted that such a 
classification indicates the relative probability of successful marketing in 
any particular country. Although these factors that indicate success are well 
known; the availability and uncertainty of data requires a second best approach 
to the problem. Therefore, the reader should keep in mind chat these assessments 
should not be substituted for careful market research. However, this classification 
scheme does aid the manufacturer in selecting cotmtries for further examination. 

For this purpose, we feel that this classification is the best available. 

In order to evaluate countries consistently, a multi-attribute scoring 
function was devised to reflect the relative importance of each factor to the 
decisions. Five criteria were viewed as essential for cenparison: 

1) the financial capability of a country ar^ its fanaers to purchase 
photovol taxes; 

2) the need for photovoltaics; 

3) the extent of trade, and the ease of t^ade between the U.S. and 
respective countries: 

4) solar insolation; and 

5) the ability of a country to service and maintain conventional power 
systems. 

Data for the analysis is primarily from sources such as the World Bank and United 
Nations publications. 

Surrogate variables used to measure each criteria mentioned above are as 
follows : 

o Financial capability of a country and its farmers is assumed to rely 
upon four major variedDles: 

- the value oi its agricultural production, since total agricul- 
tural products* worth can affect revenue available for PV 
purchase ; 

- the purchasing power of exports, as this can affect a country's 
economic trends and ability to pay for PV; 

- farmer per capita income, since the private market depends upon 
farmers with sufficient capital for purchases; and 
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- the percent agriculture contributes to a country’s export 
earnings, as the importance of agriculture to a country’s 
overall economic structure affects the likelihood of capital 
investments.^ 

e The need for photovol talcs is dependent upon two important issues: 
the amount of export earnings used to import energy (this is of 
special importance when agricultural products make up the bulk of 
export earnings), and the extent of rural elect):ification.^ 

e Extent of trade is measured in terms of the dollar volune of U.S. 
products imported into each country. The second measiire used was 
the number of selective trade barriers existing between the United 
States and each country, as a means of determining the ease of 
trade . ^ 

• The fourth criteria used was the average solar insolation falling 
upon a country. Less emphasis was placed on this criteria because 
(a) most countries had adequate levels of sunshine, (b) available 
data is often unreliable, and (c) site-specific, rather than 
country-wide, average values are wore important.^ 

• The importance of the final criteria: conventional power system 

maintainability was stressed to the country study teams , particu- 
larly in Nigeria. In Nigeria, extremely low reliability and 
maintainability of gasoline and diesel engines in the r\iral areas 
makes a technology such as PV, with its low maintenance require- 
ments, very valuable. In instances such as this, where capital 

is available and/or the crop’s value worthy of investment, 
photovoltaics become a realistic alternative source of energy 
despite the current use of gasoline or diesel engines. 


Data for these variables was obtained and/or computed from the World Bank 
Tables, 1980, and the United Nation's Handbook of International Trade and 
Development Statistics , Supplement, 1980. 

2 

The amount of money spent by countries importing fuels was obtained from the 
United Nation's Handbook of International Trade . . . (Ibid) and compared to 
each country’s export earnings (same source). Data for the extent of rural 
electrification came from the World Bank/International Finance Corporation’s 
1977 power sector data. Additional percentages were obtained from an unpxib- 
lished World Bank transcript titled ’’Summary of 1978 Power Sector Data for 
LDC’s”. 

3 

Importation of power generating equipment was o^ ained from the United 
Nation’s Commodity Trade Statist s. A PRC Energy Analysis Company and DHR, 
Inc. report to the Solar Energy Research Intitute titled, ’’Prospects for 
Foreign Applications of Wind Energy" Systems” (July 1981) , was used for 
enumeration of selective trade barriers. 

4 

Annual sunshine hours were obtained primarily from isopleths on H.E. 
Landsberg’s maps ”Total Hours of Sunshine (Annual)” in World Maps of 
Climatology (1966). This .as compared, when possible, to solar radiation 
figures presented in A. I. Voeikov’s Solar Radiation and Radiation Balance 
Data; The World Network (1964-68) . 


The criteria, however, is difficult to analyze statistically 
because data of this type can only be gathered reliably by in- 
country field visits. Since field visits could not be made to all 
countries, rankings were based upon the percent of active v^loy- 
nent in nanufacturing. High percentages indicate sore persons 
fasiliar with engines and sachines, as well as accessability to 
manufactured or iiqported machine parts 

Wie multi-attribute procedure used to rank countries is described at the end 
of this Appendix. The relative isqportance of the criteria was subjectively deter- 
mined with financial capability and the need for p4iotovoltaics considered the most 
important. Ease of trade, solar radiation and diesel maintainability receivctd 
lesser lanphasis in the order given. Results of the charting process were given in 
Table 4.3 Criteria scores are given at the end of this Appendix. The Table 
shows countries ranked within regions and spaced according to the score received 
in the ranking process. 2 

Table 4.3 in Chapter 4, is adequate for obtaining a first approxi- 
mation of countries with likely potential for photovoltaic marketing. However, 
the table is only as good as the available data, and in some cases inaccurate 
aggregate and country-wide average statistics may not co.-rectly predict the 
suitability of a country for PV markets. A count_*y ranked as "low" on the chart 
might still be a good potential market. Data, weighting procedure, and scores 
used for ranking have been provided so readers can reach their own conclusions. 

Bangladesh, for instance, ranks within the upper third of the countries even 
though its farmer per capita income is very poor. This is because the value 
of its agricultural production is high; agriculture contributes nearly 40% to 
total export earnings with the same amount of earnings spent on imported energy, 
and only 2% of its rural population is served by electrical grid systems. Much 
the same pattern exists for Brazil, ranked at the very top of the chart, except 
its farmer per capita earnings are eight times higher than those in Bangladesh. 

Countries which fall into the lowest grouping either have little need for 
photovoltaics (as many of the European countries) , their agricultural production 
is of little value compared to other countries, and/or their financial capability 
is severly limited (as many of the Sub-Saharan and Central American countries) . 


^Manufacturing employment figures were obtained from the World Bank's World 
Development Report, 1980 . 

2 

Centrally planned economics and countries whose current state of affairs 
precludes U.S. trade relationships have been omitted from the chart, as have 
a number of smaller countries and islands for which data was lacking. 
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A,1 CCTpparisons from Case Studies with Classifaction « 

Case studies developed from extensive field visits to Morocco, Mexico, 
Colombia, Nigeria, and the Philippines during the course of this project indicate 
mixed success of this generalized classification scheme ir. being able to predict 
accurately the potential market for stand-alone PV systems in agriculture. Ihis 
section will indicate the findings of the field study teams in coxintries visited 
in comparison to the ranking in classification. 

Morocco : Morocco is ranked within the high group of countries, second only 

to Kenya in the African region. The major factors appear to be a high score for 
value of agricultural contribution relative to GDP, and high score for percent 
of export earnings spent on energy. These two factors are weighted highly in 
the classification scheme. Nonetheless, the case study results indicate a 
rather poor market for PV with the maximum size over the years estimated to be 
340 KWp. This represents little or no market for agricultural applications, a 
slightly better prospect for other rural sector service applications and the 
primary focus in the area of telecanrmunications and signalling. 

While there are clear needs in Morocco to supply power to renK>te agricul- 
tural projects, the case study indicates that within the next five years no 
power use will be established in many of these sites. For public sector 
applications, severe budget limitations will constrain use of PV systems even 
v^en greater reliability compared with diesel systems is a factor. High initial 
capital costs of PV systems will be a significant barrier. In the case of 
private sector uses of power in Moroccan agriculture, with the exception of 
mobile power use (i.e., tractors and combines), power use is limited to water 
pumping for irrigation. With the deep water ted>le of most Moroccan applications, 
PV systems will not be cost-competitive within the next five years. 

Morocco, with indigenous manufacture of diesel systems, presents a 
situation when only stand-alone systems of 1-2 KW (e.g., irrigation from very 
shallow wells, or portable water supplies for very small villages) will be com- 
petitive. Within this range, the smallest diesel systems available are 
significantly underutilized. While private sector operation of small diesel 
systems appear to be maintained because the individual's livelihood depends upon 
it, in the public sector experience is not often good. Although PV systems may 
be chosen for these applications, cost constraints in a developing country like 
Morocco will militate against them. 
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In sujtimary* the classification scheme did not take into account the nature 
of power use in agriculture in Worocco which is either non-existent or of a 
greater magnitude than cost-effective for PV systems within the next five years. 
The non-agricultural applications favorably indicated are those which expressly 
rely on the characteristic strengths of PV systems, or require very small amounts 
of power — the types of systems presently cos t-eff active in the United States. 

Mexico ; Mexico is ranked within the middle group of countries, between 
Canada and Jamaica in the North American region. According to the case study 
report, the market for rv in agriculture during the next five years will be 300- 
605 KWp. In terms of actual market for PV this may be an overestimate since it 
is based on opportunity cost of diesel and gasoline rather than the present sub- 
sidized fuel costs within the country. While strong government activity exists 
within the rural sector, energy is cheap in Mexico and the electric grid is 
extensive. Even if this estimate is approximately accurate for the PV market, 
American manufacturers should be cautioned that Mexico is probably the Third 
Uorld country which is most advanced in PV technology. There is also a policy 
to keep it highly diversified with regard to solar technologies and with regard 
to specific suppliers. Thus, no firm should believe they will have much of an 
opportunity to corner the market. 

Nigeria ; Nigeria is ranked with the middle group of countries, on the aroe 
level as the Seychelles within the African region but according to the case study, 
the potential market for the next five years will be within 1.9 and 4.7 MWp for 
the agricultural sector and rural services. This sizeable market is based on the 
high availability of capital and the premium placed on high reliability, low 
maintenance systems- This points out clearly the fact that the classification on 
one hand weights maintainability rather low, and it may be a very significant 
factor, and the availability of capital to drive the market may be a highly 
vulnerable aspect of the market assessment. The market will consist primarily of 
government-funded, small power applications and government communications projects 
with some sales going to affluent individuals and corporations. The first 
factor, capital availability, is tightly linked to the level estimated in 
January, 1981, with consequent reductions in revenues. Apparently, funds for 
rural development projects have been severely curtailed for the present, and if 
one were estimating the market for PV in Nigeria today for the next five years, 
one might get a different picture, with a much reduced size. 


Philippines ; The Ph xippines falls in the high group of countries in the 
rankings, on the same level as Sri Lanka xn the Asian region* Its high ranking 
is based on high value of agricultrual contributions to GDP and on a high per- 
cent of export earnings spent on energy. Market size for FV in the 1981-1986 
time frame was estimated between 60KWp and 700KWp in the case study. However, 
if capital availability fo^ financing PV systems does nut: increase, the lower 
figure, or a less favorable one, will prevail. That is, co.^t-coinpetitive 
applications for PV based on high cost of conventional energy supplies are 
present in significant volume in the Philippines, but actual market will depend 
on availability of adequate amounts of capital for long-term financing of these 
systems in the private sector. 

Colombia is ranked high using the ranking procedure described earlier. 

This is due mostly to the large agricultural contribution to GDP, poor rural 
electrification and high imports of U.S. made power generating equipment. These 
factors were recognized immediately during the conduct of the field study. 

The assessment of the market size indicates that somewhere between 1200 and 
2500 KWp of PV equipment may be sold in Colombia between the years 1981 and 1986. 
The large range in these figures are a reflection of the great needs that exists 
but also the uncertainty of the possible market due mostly to shortage of long- 
tem financing and a lack of awareness of PV technology and its capabilities. 

The classification scheme presented here has been demonstrated to have 
modest success in correlation with conclusions of case studies based on field 
visits to a number of countries. The classification represents an attempt to 
rank countries in terms of potential market for PV based on aggregated data 
availal^le from donor agencies and other international organizations. Most 
importantly, there is some indication that most critical factors in rating the 
PV market potential for a country must be based on significant knowledge of a 
wide variety of factors for the country in question. Critical factors enhancing 
or limiting PV markets may be quite country-specific and may be stronger than 
those factors considered in the general ranking. 
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APPENDIX A • ANNEX 1 

Explanation for weighting formula for Table A.l 

The total score awarded a country was based upon a weighting formula 
where the total equaled the sum of: financial capability score + need for 

photovoltaic score conventional power maintainability score. Of a total 
100 scoring points for all charted variables, financial capability and need 
for photovoltaics were weighted most heavily, each representing 35% of the 
total score. Ease of trade' was weighted at 15%, solar radiation at 10%, 
and conventional power system maintainability at 5%. Many of these five 
major components had various sub-categories, and the formula for assessing 
scores is ennumerated below. 

Financial Capability (possible total of 35 points) 


value ag. contributes to GDP... 


over 

$1 billion 

« high 

(15 points) 

$300 million to $1 billion 

« med 

(7.5 points) 

less 

than $300 million 

= low 

( 0 points) 


purchasing power of exports since 1975 . . . 


low and decreasing 


poor 

( 0 points) 

low and steady 
low and increasing 

« 

poor 

fair 

( 0 points) 

medium ind decreasing 

= 

poor 

( 0 points) 

medium and steady 

S 

fair 

(1.25 points) 

medium and increasing 

rs 

good 

(2.5 points) 

high and decreasing 

SB 

fair 

(1.25 .. jints) 

high and steady 

SB 

good 

(2.5 points) 

high and increasing 

S 

good 

(2.5 points) 

ag. laborer GDP per caput... 

$7,242 to $35,145 

S 

highest (15 points) 

$1,513 to $6,130 

= 

high 

(10.75 points) 

$1,000 to $1,338 

= 

med 

(7.5 points) 

$556 to $982 

ss 

low 

(3.75 points) 

$52 to $500 

s 

poor 

(0 points) 


% ag. contributes to export earnings . . . 


66% to 100^ 

* great 

(2.5 points) 

33% to 65% 

s med 

(1.25 points) 

0 to 32% 

* little 

(0 points) 


Need for Photovoltaics (possible total of 35 points ) 


% export spent on energy . . . 


33% to 100% 
20% to 32% 

0 to 19% 


qreat (17.5 points) 
med (8.75 points) 
little ( 0 points) 


extent rural electrification (% served) . . . 


50% to 100% 
30% to 49% 

0 to 29% 


good ( (/ points) 

fair (8.75 points) 

poor (17.5 points) 


Ease of Trade (possible total of 15 points ) 
import from United States ... 


over $25 million 
$10 to $25 million 
$1 to $10 million 
$0 to $1 million 


importation 

inv>ortation 

importation 

importation 


from U.S. 
from U.S. 
from U.S. 
from U.S. 


moch (10 points) 
some (6.6 points) 
little (3.3 points) 
none (0 points) 


ease of import trade . . . 


Ease of import index reflects three potential import barriers: import 

restrictions; licensing requirements; and exchange controls. For each 
country a separate score of zero or one was assigned to each barrier. 

A score of "0" indicates a barrier exists in that country, while a 
score of "1" means that it does not. Thus a country with an ease of 
import index value of "0" has been found to possess all three barriers. 
While an index value of "1", "2", or "3" are indications of the absence 
of barriers. Therefore ... 


3 

2 

1 

0 


easiest 

easy 

awkward 

difficult 


(5 points) 
(3.3 points) 
(1.6 points) 
( 0 points) 


Solar Annual Sunshine (possil)le total of 10 points) 

solar annual sunshine . . . 

2800 - 4000 hours ■ high (10 points) 

2000 - 2600 hours » med ( 5 points) 

1200 - 1800 hours * low ( 0 points) 

Conventional Power System Maintainability (possible total of 5 p>oints ) 

conventional power system maintainability . . . 

based on active employment within the manufacturing segment 

21% to 57% = good ( 0 points) 

11% to 21% = fair (2.5 points) 

2% to 9% = poor (5 points) 
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APPENDIX B 


Agricultural Sector Mark«t Sl«e E«tinat<» * 


Asia and Oceania Range of Agricultural 

Sector Market Sise CKWp) 


India 

1900 

9000 

Australia 

1500 

7000 

Philippines 

260 

1300^^ 

Thailand 

240 

1200 

Pakistan 

220 

1100 

New Zealand 

200 

1000 

Indonesia 

300 

600 

Syrian Arab Rep 

130 

600 

Korea Rep 

80 

400 

Bangladesh 

60 

300 

Taiwan 

60 

300 

Saudi AreUsia 

90 

180 

Malaysia 

80 

160 

Sri Lanka 

25 

130 

TOTAL 

5145 

23270 


Sub-Sahara Africa 

. 


Kenya 

30 

170 

Ghana 

30 

150 

Nigeria 

70 

140^^^ 

Hozambigue 

25 

120 

TOTAL 

155 

580 


•Lists only countries with upper bounds greater than lOOKWp. 

••Estimate based on in-country study ranged from 60 to 700KWp with am average 
market size of about 200KWp. 

•••Nigeria is an anomaly since historically low agriculture sector energy use 
does not reflect ambitious plans to develop the agricultural sector. 

Market size estimate based on in-country study was about 1.9-4. 7 MWp. 


> 


B-1 


Europe, Middle East and North Africa 


Range of Agricultural 
Sector Market Site (KWp) 


Yu 70 Slavia 

700 

3700 

Italy 

1530 

3000 

Spain 

7J0 

1500 

Egypt 

300 

1500 

Greece 

300 

1500 

Portugal 

200 

eoo 

Israel 

150 

700 

Morocco 

90 

450* 

Turkey 

60 

300 

Jordan 

30 

130 

Algeria 

20 

100 

TOTAL 

4050 

13680 


*ln-country survey estimate was about 340 KWp with only a small agricultural 
sector market. 


Central and South America 


Brazil 

1600 

8000 

Argentina 

800 

4000 

Mexico 

750 

1500* 

Colombia 

300 

1500* 

Peru 

180 

900 

Venezuela 

300 

700 

Uruguay 

50 

250 

Chile 

90 

200 

Dominican Republic 

40 

200 

Guatemala 

30 

150 

Panama 

30 

150 

TOTAL 

4170 

17550 


*In-country survey estimate for Mexico was 605 KWp. In-country 
estimate for Colombia ranged from 1.2 to 2.5 MWp. 
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